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Engineer A.M. Darbie installs a Tung-Sol/Chatham 6336A twin power triode in a Harrison Labs 2B 
regulator, part of a 200B high current power supply. Superior power handling ability of the 6336A 
lets Harrison Labs offer the regulator with a 5-tube complement in addition to a 7-tube model, 


arrison Labs fas gains flexibility 
with Tung-Sol/Chatham 6336A! 


Harrison Laboratories, quality manufac- 
turer of Berkeley Heights, N. J., offers 
designers its 2B regulator with a 5 or 
7-tube complement. Superior power han- 
dling ability of Tung-Sol/Chatham’s 
6336A twin power triode makes possible 
the 5-tube version that features opera- 
tion over a wider line voltage variation 
without change of transformer taps. 

Over more than a year, Tung-Sol/ 
Chatham's 6336A has performed with 
exceptional reliability. Users of Harrison 


Labs 2B regulator especially appreciate 


the reduced downtime and maintenance 


stemming from 6336A’s long life and 
electrical stability. In all, Harrison.Labs 
evaluates the Tung-Sol/Chatham 6336A 
a wise design choice. 

Harrison Labs adds another name to 
the growing list of manufacturers bene- 
fitting from the reliable efficiency of 
Tung-Sol tubes and semiconductors. So 
can you. Tung-Sol makes a quality unit 
for virtually every industrial and military 
need. Our applications engineers will 
gladly assess your circuitry and help 
discover how you can profit by specify- 
ing Tung-Sol. Tung-Sol Electric Inc., 
Newark 4, New Jersey. TWX :NK 193 


‘s) TUNG-SOL 
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Extra small, single row 
ball bearings with 
shields are capable of 
resisting combined radial 
and thrust loads. They 
offer accurate position- 
ing of small shafts 
requiring bearing bore 
diameters from 4 to 9mm. 


Photo: Courtesy Westinghouse Electric Corp. 


Vocuum Cleaner Moror Nonufocrurer 
Curs Unit Cost 21 With IN, Bearing Design! 


CUSTOMER PROBLEM: 


Cut vacuum cleaner motor productj iis, 
yet maintain present high efficiency! 


efficiency, improved quality and _ provided 
quiet motor operation. The bearings accounted 
for a 21c per motor savings in vital part costs. 
What’s more, they gave accurate, long life 


SOLUTION: 


N/D Sales Engineer suggested design modifi- 
cation using smaller ball bearings . . . New 
Departure high volume prelubricated, shielded 
bearings. Extensive testing in New Departure’s 
laboratories proved that these smaller pre- 
cision bearings, along with maintaining high 


positioning of rotor shaft under all load 
conditions and mounting positions. 

When it’s a question of maintenance-free high 
volume ball bearings for electric motors... and 
perhaps a cut in production cost, contact New 
Departure Division, General Motors Corpo- 
ration, Bristol, Connecticut. 


Replacement ball bearings are available through United Motors System and its Authorized Bearing Distributors. 
P 
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Uniform...Accurate 
..-Ready to Insert 


(nmanco) Fabricated 
Slot Insulators 


SLOT INSULATOR MATERIAL MATERIAL 


TAN , 
STYLE . ELECTRICAL OR VARNISHED OR TEFLON 
(Paper grain runs parallel to width KRAFT - | CAMBRIC : FILM 
except in 110X, 120X, and 140XR) PAPERS COMB. 


Plain Scored Scored 
Fiat Flat Flat 
(110X) (120) (120X) 


Double ———9¥ Scored 


Cuffed / / Double 
Fiat Cuffed 
(310) Flat (320) 


Plain Fiat 
Bottom (130) 


Single Cuffed 
Fiat Bottom (230) 


Double Cuffed 
Flat Bottom (330) 


Plain Round 
Bottom (140) 


Single Cuffed 
Round Bottom (240) 





Double Cuffed 
Round Bottom (340) 


Contour (140XR) 


Tab and Cuffed 
Shaded Pole (220TS) 


-005”, .007", |.005”, .007”, -006 010” -00025” 
Available Thicknesses, .010”, .015”, |.010”, .015”, | through through through nie 
Inches 020”, .025”, 020” 021” .028” 010” 060” 
.031", .0625” 
IN ADDITION TO THE DESIGNS SHOWN ABOVE, MANY VARIATIONS AND SPECIALS ARE AVAILABLE. 
CONTACT YOUR INMANCO REPRESENTATIVE FOR DETAILS. 


INSULATION MANUFACTURERS CORPORATION 


565 West Washington Boulevard, Chicago 6, Illinois 
Branch Offices, Representatives, and Distributors in Principal Cities 
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THE EXACT RESISTOR YOU NEED—WHEN S NEED IT— <<. 


~ ~~ FOR EVERY INDUSTRIAL AND MILITARY REQUIREMED 
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Fixed . . . adjustable... tapped... 
noninductive . . . precision metal film 
and encapsulated wire-wound . . . thin 
type .. . high-current—practically any- 
thing you need, whether it be for com- 
mercial or military equipment, you can 
find in the Ohmite line. It’s the most 
comprehensive, most complete selection 
available to resistor users. 

ORLD’S LARGEST STOCK FOR IM- 

MEDIATE DELIVERY—Y Ou don’t have 
to assume that the resistor you need is 
special. Chances are Ohmite’s huge stock 
of several million resistors in more than 
2000 sizes and types contains a unit that 
fits your requirements. Many types of 
Ohmite resistors are also available from 
stock, locally, through hundreds of Elec- 
tronic Parts Distributors located across 
the Nation. 


If, however, you do need special re- 
sistors, Ohmite can make them promptly 
to your exact needs—including a com- 
plete line of units that meet military 
specification MIL-R-26, 
_— CUSTOMERS KNOW THE VALUE 

OF OHMITE QUALITY—When a pur- 
chaser sees Ohmite resistors in a piece 
of equipment, he knows that equipment 
is designed and built for dependability. 
He knows about the quality features 
found in Ohmite resistors—features such 
as balanced thermal expansion of all 
parts in vitreous-enameled power re- 
sistors, plus all-welded construction. He 
knows there are no thin spots in the 
coating, no cracks or crazing to let mois- 
ture in. He also knows of the exhaustive 
tests behind Ohmite units which are 
coated with silicone-ceramic, epoxy resin, 
and other materials. 

{MITE ENGINEERING ASSISTANCE AS- 

SURES THE RIGHT UNIT—Selecting 
the right resistor for the job is sometimes 
a tough proposition. Why not call on 
Ohmite application engineers to help 
out. Take advantage of their specialized 
skills and background. You'll get the 
exact resistor you need and in a lot less 
time. Contact them today. 


Write on Company Letterhead for 
Catalog and Engineering Manual 58 


(OG im MITE’ 


Quality Components 


OHMITE MANUFACTURING COMPANY 
3613 Howard Street, Skokie, Illinois 


RHEOSTATS RESISTORS RELAYS 
TAP SWITCHES = R.F. CHOKES 
VARIABLE TRANSFORMERS 
TANTALUM CAPACITORS 
GERMANIUM DIODES 
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Design Considerations Your Classification: 


Nuclear Radiation Effects 
Thermal Design Factors 

Materials, Electrical /Electronic 
Electrical Insulation and Dielectrics 


Effect of High Temperature and 
Nuclear Radiation on 
Silicone Insulation Systems 


Silicone electrical insulation is being used increasingly in 
equipments and devices operating in nuclear environments, 
frequently under high-temperature conditions. This article 
details and interprets the results of a program investigating 
the effects of these environments on several silicone insulation 


systems. 


©. G. Currin and F. A. Smith, Dow Corning Corp., Midland, 
Mich 
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Control Your Classification: 
Systems and Servos 


A Double-integration Hydraulic Servo 


Description and theory of operation of the electrohydraulic 
servo system which controls the tail turret on the B-52 inter- 
continental bomber. Double integration provides for errorless 
tracking of a target (following a constant-velocity signal) and 
fast system response insures rapid acquisition of a new target. 


D. J. Mager, Arma Div.. American Bosch Arma Corp., Garden 
City, N.Y., and O. A. Walker, Vickers, Inc., Div. of Sperry 
Rand Corp., Detroit, Mich. 
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Electrical Manufacturing 


Components, Electrical Electronic Your Classification: 


Printed Circuits 
Design Considerations 
Packaging, Electronic 


Packaged Electronic Circuits 


Miniaturized printed-circuit assemblies utilize printed capac- 
itors and resistors on ceramic plates with supplementary 
capacitors where needed. Provision for circuit alignment with 
active components (tubes, transistors) is also possible. 


\. S. Khouri, Centralab Division of Globe-Union, Inc. Mil 
waukee, Wis 
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Components, Electrical / Electronic Your Classification: 


Magnetic Components 


Current-Limiting Power Transformers 


One method of obtaining current-limiting action is by the use 
of transformers having high leakage reactances, best achieved 
by providing low-reluctance, leakage-flux paths in the magnetic 
circuits. Design of magnetic shunts and determination of de- 
pendent transformer parameters by the use of equivalent circuits 
are outlined, 


H. L. Garbarino, Magnaflux Corp., Chicago, Ill., and L. 
Stratton, Jack & Heintz, Inc.. Cleveland, Ohio. 
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Components, Electrical Electronic Your Classification: 


Magnetic Components 
Control 
Systems and Servos 


Core Factors in Static 
Magnetic Switch Performance 


In magnetic switch circuits, the saturable transformer is the 
key operating component. The magnetic characteristics of the 
transformer core have direct and determinative effect on the 
switch operating limits. Core permeability is the critical factor, 
and can not be controlled closely. Test and design methods 
are outlined for measuring and making design allowance for 
core property variations. 


R. W. Durkee, Sandia Corp., Albuquerque, N. M. 
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Materials, Electrical Electronic Your Classification: 


Conductor Materials 
Materials, Mechanical Structural 
Metals 


Silver and Silver Alloys— 
Properties and Design Applications 


The physical and electrical properties of silver are described 
and illustrated with their effects on design of electrical and 
electronic equipment. Electrical conductivity, corrosion resist- 
ance, fabricability and reliability are explained and supported 
by charts and tables. Applications of silver in equipment design 
are illustrated. 


Ht. Chatheld, Handy & Harman, Bridgeport, Conn, 
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e Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


* Reprints available—see pages 21! and 218 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page |7 


Materials, Electrical Electronic Your Classification: 


Magnetic Materials 

Design Considerations 
Materials Selection Factors 
Thermal Design Factors 


* Effects of Temperature 
On Magnetic Core Materials 


Measurements of representative sam,tes of major alloy types 
over temperature range 24 to 850 C. D-C magnetization curves, 
initial and maximum permeabilities, plus both a-c and d- 
values of “squareness” ratio, remanence, saturation induction. 
and coercivity ot L-Silectron, Transformer-A, 11.7 and 15.5 
\lfenol, 3 Mo Thermenol, Supermendur, 7-70 Perminvar, Orth 
onol, AEM 4750 and 4-79 Mo Permalloy. 


Michael Pasnak and R. H. Lundsten, U.S. Naval Ordnance Lab- 
oratory, Silver Spring. Md, 
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Basic Science and Engineering Your Classification: 


Physics 
Components, Electrical /Electronic 
Magnetic Components 


Design Considerations 
Semiconductor Devices 


Radio Noise and Interference 


*  Low-Noise, Solid-State Microwave 
Amplifiers 


Basic principles of paramagnetic MAsER amplifiers (including 
ammonia gas, two-level solid-state, three-level solid-state, and 
optically pumped devices) and parametric MAVAR amplifiers 
(including semiconductor and ferromagnetic types), plus a 
brief introduction to the tunnel-diode amplifier. 


R. D. Haun, Jr.. and T. A. Osial, Westinghouse Research 
Laboratories, Pittsburgh, Pa. 


Electrical Manufacturing 
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Control Your Classification: 
Case Histories 


Logic-Circuit Modules for Industrial 
Control Systems 


\ description of the way in which basic circuit modules and 
building blocks are combined to make up a control system for 
for a 3-axis machine tool. Basie circuits discussed include 
flip-flops, AND and ok gates, and delay line storage. 


W. Floyd, Hughes Aircraft Co., Los Angeles, Calif 
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Design Considerations Your Classification: 


Radio Interference 


Controlling Magnetic Field 
Interference in Wiring 


\ practical and efhcient means of determining the proper 
spacing between circuits to avoid magnetic field interference in 
complicated wiring systems such as those found on large air- 
planes, Various figures of merit are calculated for the sensitive 
and the source circuits and a nomograph provides the unknown 
spacing value. 


T. H. Herring, Boeing Airplane Co., Seattle, Wash. 
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Control Your Classification: 
Theory 

Computers 
Computer Design 


* The Four-Bar Linkage as 
A Function Generator 


The accuracy and scope of use of the four-bar linkage can be 
extended by a more profound grasp of the basic mechanism 
The characteristics and design of the elemental “link” and 
then of its more complex combinations are reviewed and 
demonstrated. 


W. D. Weinstein, Sperry Gyroscope Co., Roosevelt Field, 
L. £, Ni ¥. 
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Design Considerations Your Classification: 


Human Engineering 


Labeling Control-Panel Elements 


Good labels are essential in the design of man-machine systems 
The article reviews basic principles and recommended practice 
to help the engineer select the right labels and to locate 
them on the panel for ease and accuracy of operation, A check- 
list of basic points is previded 


Hl. L.. Williams, Melpar, Inec., Falls Church, Va 


Electrical Manufacturing 
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in fastener engineering 


One of the earliest and most basic break- 
throughs in fastener design was the common 
clothes pin. And, although DOT is not a manu- 
facturer of clothes pins, many a DOT industrial 
fastener has had an equally revolutionary effect 
on modern fastening technique. Hundreds of 
different DOT fasteners have created relatively 
minor revolutions in specific industries. 

A DOT fastener may save a few man- 
minutes of labor. It may save material. Or 


it may improve product performance and 
hence saleability. But multiply each small im- 
provement by the number of units in a true 
and the 


really pile up to impressive proportions. 


mass-production operation savings 


Rather than spend your own design staff's 
time on fastening problems, it might pay you 
well to call in DOT. You'll have at your serv- 
ice a design and production organization with 
large-scale facilities for genuine mass-produc- 
tion of special-purpose fasteners and _ self- 
fastening devices of all kinds. 

Supplementing the Carr Fastener Company 
are a number of other plants which form the 
United-Carr Fastener group. They are located 
in the principal production centers of the 
United States, Canada, England and Australia. 
Your nearest United-Carr field office (see be- 
low) is no further away than a telephone call 
from your desk. 


| CARR FASTENER COMPANY 


= w Division of United-Carr Fastener Corporation e Cambridge 42, Massachusetts 
< 


ef 
STEW 


Offic es In 


Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, Los Angeles, New York, Philadelphia, Syracuse 
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Auxiliary Materials 
In Transistors 


In its various phases. transistor tech 
nology involves an intricate interrelation 
of primary and auxiliary materials. The 
primary semiconductor materials. sili- 
con and 
well known, but a great 


germanium, are, of course 


many. othe: 


materials are essential in carrying 


through transistor production — from 
growth of primary crystal to final seal 


ing or “packaging”. 


The physical. chemical and electrical 
properties of these auxiliary materials 
are important in transistor work since 
frequently the material is in contact o1 
otherwise interacts with the primary 
material. In a review paper, “Auxiliary 
Materials in 
presented before the International Con- 


Transistor Technology.” 
vention on Transistors and Associated 
Semiconductor Devices. London. May 
21-27. by W. C. Dunlap. Jr.. 


Division. Raytheon Company, Waltham, 


> ' 
Research 


Massachuseits. the following important 
auxiliary transistor materials were enu- 
merated: 


1. Crucible materials. including era 


phite and quartz. 
2. Atmospheres used in the produc 


tion of silicon) and = germanium 
crystals. 

Doping agents. 
Etehants for both 


electrolytic etching. 


chemical and 


Materials for alloving silicon and 
germanium. 

Diffusing agents. 

Solders. 
Point 
welded. formed and bonded = con- 


contact materials. — for 
tacts. 

Base tab and base plate materials. 
Base coatings. desiccants and othes 
protective materials. 


Among the conclusions of Mr. Dun- 
laps paper are the following: 


l. Graphite and quartz are being 
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used almost exclusively today for pro- 
duction of silicon and germanium. 
Quartz is used to a much greater ex- 
tent than graphite, and almost exclu- 
sively for silicon, 

2. Forming gas 


ing small amounts of hydrogen), argon 


(nitrogen contain- 
and vacuum are the most widely used 
media for crystal-growing equipment. 

3. Practically all the 3-5 elements 
are being used as doping agents in 
the industry, even bismuth and thal- 


lium (although on a limited scale). 


Indium and antimony remain among 


the most) popular because of their 
flexibility, although they do not lend 
themselves to strong doping. 

generally done by 


alkaline 


such as KOH remain among the most 


1. Etching is 
electrolytic means; agents 
popular. 

5. The choice of alloying agents for 
both p- and n-type contacts on silicon 
and germanium depends on application. 

6. Gold-bonding wire, 
tungsten and other wire materials are 


used for point contacts. 


tantalum, 


Editor 


7. Plates used for contacting and 
mounting may have effects upon primary 
transistor materials if they contain 
rapidly diffusing impurities. 

8. Silicones are probably the most 
widely used of the liquid and_ solid 
protective agents in contact with june- 


tions. 


FEP—Fluorocarbon Insulation 
Moving out of Research Stage 


The developmental period of Du Pont’s 
work on FEP-fluorocarbon film is ap- 
proaching its end with commercial 
production scheduled for the near 
future. This type of film stems from 
Du Pont’s earlier work in perfluoro- 
carbon, which was originally identified 
as Teflon 100-X resin. The basic mate- 
rial is a fully fluorinated copolymer of 

exhibits 
electrical. 


and propylene. It 
high 


ethylene 
the same general 


thermal and chemical — properties 


as the (by now) conventional Teflon 
TFE-fluorocarbon materials. except for 
different 


cant in the development has been the 


melt-flow properties. Signifi- 


achievement of a process that makes it 





Manufacturing Complex- 
ity also a Research Prob- 
lem. Intensified research 
and development — are 
needed to enable) manu- 
facturing methods and 
equipment to keep pace 
with increasingly — ad- 
vanced 


design concepts 


and new materials and 
devices. This graph pro- 
jects development cycles 
against manufacturing 
complexity and — graph- 
ically emphasizes — the 


Development cycle 





fact that the time cycle 
from conception to pro- 
duction is being sharply 
compressed, (Source: 
ferospace Industries As- 
sociation.) The l-year 
projection is for the 
industry but 
it also has close relevance 


“aerospace 


to other industries. 


+— nm — 
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possible to produce FEP-fluorocarbon 
film of uniferm quality, free from 
objectionable pinholes, a particularly 
important property for electrical in- 
sulation applications. A tendency to 
pinholes has been a continuing obstacle 
to the application of film made from 
standard TFE-fluorocarbon resins. The 
PEP films can be made in a wide range 
of gage sizes from 0.5 mil to 50 mils. 

The accompanying table lists those 
properties that are particularly applic- 
able to the potential application of 
FEP film in electrical and electronic 
equipment and devices such as coils, 
capacitors, wire and cable, rigid and 
flexible circuits, and 
generally where severe environmental 


printed-wiring 
and operating conditions are en- 
countered. 


Properties o} 

I EP-Fluoroe arbon Film 
Property Typical values at 
room temperature 

3.000 
Ultimate elongation, per cent 250 
13.000 


Ultimate strength, psi 


Tensile modulus, psi 
Temperature range: 
85 to +200 
85 to +250 


Continuous, deg C 
Intermittent, deg C 
Chemical resistance 
Resistant to practically all 
chemicais except fluorine at 

200 C. 


complex 


temperatures above 


alkali 


halogenated compounds. 


metals, and 
Moisture absorption, per cent 


Electric strength (D-149-44*) 
l-mil, volts/ mil 
15-mil. volts/mil 
Dielectric constant (D-150-54T) 
23 el 30 « ps to 3 mc 
1000 eps, 40 C to 240 C 
Dissipation factor (D-150-54T) 
23 C, 30 cps to 3 me 
1000 « ps, 10 C to 240 C 
Volume resistivity, ohm-cm 
(D-257-52T ) 10" 
Surface resistivity. ohm 
(D-257-52T ) 1018 
Surface are resistance, se 
(D-495-42) 


0.0002 
0.0002 


ASTM test 


amples melted 


interconversion of 
Radiological Units 
Research workers in the area of radio- 
logical effects find that the intercon- 
version of radiological units is one of 


the most pressing current problems. 


10 


The International Commission Radio- 
logical Units and Measurements 
(ICRU) has recommended that a cleat 
distinction be made between exposure 
dose and absorbed dose. (Exposure dose 
is a measure of the radiation field to 
which a material may be subjected, 
absorbed dose is the energy imparted 
to the irradiated material and is de- 
termined by both the radiation field 
and the composition of the irradiated 
material). It follows that different ma- 
terials experiencing identical exposure 
to a radiation field will generally re- 
ceive different absorbed doses. 

In a paper on this subject by C. H. 
Cheek. Radiation Division, U.S. Naval 
Research Laboratory (presented — be- 
fore the Winter General Meeting of 
AIEE earlier this year) equations and 
data are provided for converting elec- 
tromagnetic radiation exposure dose in 
reentgens to energy flux, to photon 
flux, and to the corresponding absorbed 
dose in rads for various organic insula- 
tion materials. Methods are presented 
and examples given for estimating 
absorbed dose due to scattering of 
monoergic, fast neutrons, and to scatter- 
ing of non-monoergic neutrons of 
known energy distribution. Since radia- 
tion affects materials only through the 
energy actually absorbed, the recom- 
mended dose unit for radiation effects 
studies is the rad, defined as 100 ergs 
absorbed per gram of the irradiated 
material. Owing to the mathematical 
nature of the paper. a summary is not 


feasible here, but interested readers 
should be able to obtain copies of the 
paper by communicating with Dr. 


Cheek. 


©The following bibliography appended 
to his paper will also be useful: 


Report of the International Commission 
on Radiological Units and Measure- 
ments (IORU), National Bureau of 
Standards Handbook 62, 1956. 

“Gamma-Ray Attenuation, Part I, Basic 
Processes,” U. Fano, Nucleonics, 
Vol. 11, No. 8, August 1953, pp 8-12. 

“X-ray Attenuation Coefficients from 10 
kev to 100 mevy,” G. W. Grodstein, 
Vational Bureau of Standards Circu- 
lar 583, 1957. 

“Density Effect for the Ionization Loss 
in Various Materials,’ R. M. Stern- 
heimer, Physical Review, Vol. 103, 
1956. 

“Neutron Cross Sections,” D. J. Hughes 
and R. B. Schwartz, Brookhaven Na- 
tional Laboratory Report 325, Second 
Edition, 1958. 

“The Neutron Flux Spectrum and Fast 
Epithermal Flux in Hole 19 of the 
ORNL Reactor.” C. D. Bopp and 
O. Sisman, Oak Ridge National 
Laboratory Report 525, 1950. 

Research Reactors (document), U.S. 
Government Printing Office. Wash- 
ington 25, D. C., 1955, pp 107-108. 

“Energy Spectrum of Neutrons from 
Fissions Induced by Thermal Neu- 
trons,” B. E. Watt, Los Almos Re 
port 718, 1948. 


Current Research in Platinum Metals 


Low-temperature coefficients of resist- 
ance, transient nuclear radiation effects, 
and constant relation between strength 
and creepage are pointed up in new re- 
search on platinum metals. These ab- 
stracts from current literature were 
presented by Johnson. Matthey & Co., 
Ltd.. London. England, in Platinum 
Review, July 1959. 

© Temperature Coefficients of Resist- 
ance of Metallic Films in the Temper- 
ature Range 26 to 600 C: Measure- 
ments were carried out in vacuo on 
films of sputtered Au, Ir, Mo, Ni, Pd. 
Pt, Rh, Ta and W, of evaporated Al, 
Cr, Ti and Zr, and of the alloy films 
Pt-Au, Pt-Ir and Pt-Ni. The range of 
film thickness was 75 to 2000 A. The 
substrates used were soft glass, steatite, 
Al,0,, Pyrex, Vycor, fused quartz and 
Stupalith. Changes in resistance on an- 
nealing the films were observed. After 
being annealed, films of Pt and Ir can 
be heated in air to 600 C with very 
little reversible resistance change. Only 
films of Pt, Au and Ir can with- 
stand extended heating in air at 600 C. 
Partial protection is afforded other films 
by coating with SiO and this also re- 
duces agglomeration in all the films. 


The temperature coefficient of resist- 
ance (TCR) of the films is not greatly 
affected by film thickness or nature of 
substrate. Low TCR’s are obtained for 
Pt alloy films (for example, 0.0007 pei 
deg C for Pt-Ir. 0.0002 for Pt-Ni, and 
0.0004 for Pt-Au); these films have 
resistivities 3 to 4 times those of either 
constituent. Films of Mo, W, Ya, Cr, 
Zr and Ti contain oxide inclusions and 
have low TCR’s and high resistivity, 
which is a useful combination for elec- 
tronic component applications. (R. B. 
Belser and W. H. Hicklin, Applied 
Physics, 1959, 30, [3] 313-322.) 

@ Nuclear Irradiation Effects on Per- 
manent-Magnet Materials: The follow- 
ing materials were irradiated to 10" 
epicadmium neutrons/sq cm in 12 days 
in the BNL reactor: 31% Cr steel; 36 
Co steel; Alnico II, V and XII; Cunico; 
Cunife; Silmanal; fine irons; Pt-Co; 
and barium ferrites. In no case was any 
change in magnetic properties as a 
result of irradiation observed. (R. S. 
Sery, D. I. Gordon and R. H. Lundsten, 
Bulletin American Physical Society, 
1959, 4, [3], 137.) 

@ Relation Between Strength and 
Creep of Metals and Alloys. The rate 
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of creep and the time to fracture under 
an axial tensile load were determined 
for specimens of Pt, Al, Al-Zn, Al-Mg 
and Ni-Co. The effect of temperature 
and stress on the rate of steady creep 
was determined. For Pt, measurements 
were carried out at 100, 300, 400 and 
500 C. From the results it is deduced 
that the product of time to fracture 
and rate of quasiductile flow is a con- 
stant independent of temperature and 
stress. (S. N. Zhurkov and T. P. San- 
firova, Soviet Journal of Technical 
Physics, 1958, 3, [8]. 1586-1592.) 


Flame-Retardant 
Plastics Compound 


A highly chlorinated monomer (3.3.3.- 
trichloropropene-1) has been synthe- 
sized by a group of chemists at the 


Stanford Research Institute as_ the 


Research Note 


first step in the development of flame- 
retardant plastics. The project was 
sponsored by the Ethyl Corporation. 
The resultant polymer, polytrichloro- 
propene, does not support combustion. 
It also has a high melting point. The 
property of flame-resistance is the re- 
sult of the high concentration of the 
flame-resistant chlorine atoms in the 
monomer. 

Copolymers with polyethylene and 
polyvinylacetate also have shown prop- 
erties of flame resistance. The effects of 
copolymerization with other materials 
is being studied. For example, poly- 
mers for flame-resistant wire and cable 
jacketing are being investigated. 

The work, still in the experimental 
stage, was reported in a recent Ameri- 
can Chemical Society paper by the 
SRI project leader, W. A. Skinner. 


Ideas, Anyone? 
Refreshing candor is exhibited by Du 
Pont’s Film Department in regard to 
their acquisition of United States 
rights to a British process for extrud- 
ing polyethylene and polymers in the 
form of netting. For a change, they say, 
they have a material which has reached 
full-blown development prior to any 
investigation of market possibilities. 
The samples already exhibited show 
a diversity of mesh sizes and design; 
but these are merely indicative of the 
hundreds of variations that can be 
produced, depending on type of poly- 
mer and method of extrusion. Many 
industrial applications are being con- 
sidered, and some may come home to 
roost (if we can mix a metaphor on 
a hot and humid summer afternoon) 
in some electrical or electronic device. 


Enameled Magnet-Wire Resistance to Short-Time Thermal Overloads 


THE RESISTANCE of enameled magnet wire 
to short-time thermal overload conditions 
was investigated in the testing laboratories 
of Dr. Kurt Herberts Works, Wuppertal 
Barmen, Germany, varnish manufacturers, 
with the results as presented in the accom- 
panying table. Tests were made on coil 
samples. 

In addition to the average thermal re- 
sistance values, the tabulated data include 
standard deviation values, the variation 
coefficient, and the confidence limit figures 
to 95 per cent of average values. Also 


Short-Time Thermal-Overload Resistances of Enameled Magnet Wire 


Bare wire 
diameter, mm 
(nominal) 


Enamel 
build-up, 
microns 


Type of 
enamel* 


Dem WHe WH UP WH 
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‘ Basic enamel composition: 
S.1, 8.2, $.3 and S.4 
8.5, A.l, A.2 and A.3 
B.1, B.2 and B.3 
C.1 and C.2 


epoxy resins 
modified nylon 


> Tested according to German Standard DIN46453 method for testing wires and cables. Paragraph 17 
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terephthalic acid polyesters 


polyvinyl acetal formal 


given are data on the thickness of enamel 
build-up, the starting voltage, and the num- 
her of specimens that failed to pass a pre- 
liminary “elimination” test at 1000. volts. 
The number of specimens so eliminated 
gives an indication of the uniformity of 
the enamel coating on the wire. 

In all, some 24 different enameled wires 
were tested. Diameters were either 0.19 or 
0.20 mm. A minimum of 10 tests was made 
for each type of enamel. This number does 
not include the specimens that failed the 
preliminary 1000-volt test. The average 


Average 
short-time 
thermal- 
overload 
resistance, 
deg C 


Number of 
specimens | 
eliminated 
at 1000 
volts 


Average 

starting 

voltage, 
volts 


2200 0 401 
1800 0 407 
2100 0 400 
1700 0 406 
2800 0 455 
400 64 375 
500 25 435 
800 2 428 
2000 0 406 
700 425 
700 408 
1800 423 
2300 446 
1700 401 
1800 376 
1700 460 
3900 452 
2800 418 
3600 427 
4100 438 
3300 483 
3200 418 
2780 470 
2820 503 


w 
o 


- 
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I 
I 
\ 
l 


and F 
1 2, V.3 and V.4 
1 2, \ 


Sand U.4 


thermal resistance points and the confi 
dence limits are also plotted in the accom 
panying chart. 

An examination of the test results shows 
that the test procedure used here is satis- 
factory for accurate control of production 
Where larger variations are 
noted, they do not seem to stem from the 
process, but appear to result from defects 
in the enameled wire itself; for example, 
inadequate thickness or faults in the 
enamel coating. The confidence limit 
values may be used to a still greater ad- 


processes. 


Confidence 
limit to 
95% of 
average 
values, 
+ deg C 


Standard 
deviation, 
+ deg C 


Variation 
coefficient, 
(x 107°) 


10 
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epoxy resins 
terephthalic acid polyesters 
epoxy resins 
epoxy resins 


Testing of electric strength at room temperature, 20 


11 
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vantage by correspondingly increasing the 
number of tests so as to get a clear-cut 
quality comparison. The test results are 
also used to study the influence of wire 
thickness, enamel build-up for equal wir 
diameters, and the test voltage on the end 
values, 


Although, 


enamel film on bare conductor wire de 


normally, the useful life of 
pends on the thermal fatigue caused by 
continuous operating temperatures, it) was 
the conclusion of F. Polenz, chief enginec: 
of Kurt Herberts, that, with appropriate 
enamel formulations, it is possible to with 
stand elevated temperatures for short-time 
overloads that would destroy the enamel 
under continuous operation. 


Research Note 


IN THE TESTING of airplanes and missiles, 
and the associated components, 
literally miles of test data are recorded 
for future evaluation. To transpose this 


myriad 


information into some form that can be 


f 
| Reod to! Dato 


Tape 1De 
| ao Decoder 
Siler rcuits [reg ster 


Fig l Blox k 
digital plotter. 


diagram of high-speed 


Fig. 2— Recorder portion of plotter con- 


tains 1024 styli individually energized by 
transistorized amplifiers. 
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High-Speed Digital Plotter 


readily studied and visually appraised pre- 
sents a dificult problem involving a great 
deal of effort and time. 

To meet this problem, the Missiles 
and Space Division of Lockheed has de- 
veloped a high-speed plotter capable of 
converting digital information on magnetic 
tape to data plots at a maximum rate of 
over 4000 data points per sec, with the 
points normally plotted in dotted lines. 
Thus, one typical data reduction job which 
formerly took 106 eight-hour days to ac- 
complish can now be done in six days. Two 
of the spec ially developed plotters are be- 
ing used to accelerate the development of 
the Agena satellite in the Discoverer pro- 
gram and the Navy's Polaris — ballistic 
missile program 

e@ Figure 1 is a block diagram of the 
conmplene plotter system. The magnetic tape 
(either Remington Rand Univac or IBM) 
is read on an Ampex FR300 tape handler 
al speeds which allow characters to be read 
at a burst rate of 20 ke. 
information includes time values followed 


The lape-rec orded 


by one or more associated data values. 
There can be as many as 40 data points 
at each specific time increment with a 
paper speed of 1.0 in. per sec. lime values 
must be sequential in increasing order 
although the incremental change need not 
be constant 

e In addition te time and data, the tape 
includes information to record “time 
markers” or lines perpendicular to the 
time axis on the finished plot. Coordinates 
parallel to the time axis are inserted 
manually by use of a patch board and are 


A block format 


is used on the input tape, with 120 


controlled by the tape code. 


thirty-six bit words per block. 

@ From the read circuits, data are trans 
ferred serially, one character at a time, into 
the buffer storage unit. A 
counter is connected to the buffer in such 
a way that, for 


reversible 


each character going into 
storage, a count is added and, for each 


see code with 1Dle 


IE aeneneupe? Jusfurloa 


’ 


character going out, a count is subtracted. 
In this way, a running total of the number 
of characters in storage is kept at all times. 
The logical control section then gives the 
tape handler a start command whenever 
there is sufficient storage space available 
within the buffer as shown by the re 
versible counter, 

@ When information is read out of the 
buffer storage, time value and data values 
are stored in individual registers. The time 
values are continuously compared with a 
accumulated time register which operate 
from a clock source. The data values are 
lecoded and used to set flip-flop eircults 
in amplifiers which control the writing 
stvli. When the read-in time values com 
pare exactly with the accumulated time 
register, the previously set writing amp!i 
fiers are caused to write simultaneously. 

@ There are 1024 styli in the plotter 
(Fig. 2), each individually controlled by 
an amplifier. The distance between adjacent 
rows of marks made by the styli and be- 
tween adjacent positions within a single 
row of dots is 0.01 in. The recorder is 


Hogan 


commercially available electrolytic record 


made by Laboratories and uses 
ing paper which can be reproduced. 

e@ All circuits in the plotter, except the 
tape servo control, are fully transistorized. 
All are packaged on laminated glass boards 
and plugged into chassis whic h- hold up to 
19 beards each. An idea of the size of the 
plotter can be gained from the fact that 
it contains 15,000 ft of connecting wires 
and cables, over 5000 transistors, and 425 
printed-circuit boards. 


lgment: This information was 


{chnowled 
abstracted from Technical Memorandum 
LMSD-49767, by R. L. Sapirstein, Missiles 
Lockheed Aircraft Corp., 
alif. Development of the high- 
speed digital plotter was performed under 
Navy Contract NOrd-17017, April 1956. 


and Space Div., 
Sunnyvale, ¢ 
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WITH THE NEW 
BRUSH RECORDER 


He’s MARK || 
tti 
oly e ® r aw So can you. The versatile Mark II is an in- 
tegrated oscillograph package—a readout 
tool for engineers and technicians every- 
re Pang, ui lts where ...in the shop ...in the lab... or 
a 2 


in the field. 


Just plug itin... put it to writing... 
anywhere. 


PERFORMANCE SPECIFICATIONS 
Recordings— Uniform, crisp, easily repro- 
oe & duced. Trouble-free ink writing on 

precision chart paper. 

Channels—Two analog, plus two event 
markers. 

Sensitivity— Maximum of 10 mv/chart line 
(mm); range, 10 mv to 400 v. 

Input— Differential; impedance 5 megs each 
side to ground. 


Frequency Response—D.C. to 100 cps. 


Write for free booklet 2521A for complete 
specifications. Immediately available from 
stock. Price $1350. 


_hrush 


RECOROER mann |) 


oT) 
hte MT aT MENTS 


a 


~ 
as 


——_ brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 


CORPORATION 
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Components and assemblies 
keep their “powder dry” 


ith 
e GHS sextine 


Stands Still For Reliability 


Next time you plan a product for 

market or the military — think of this. 

A GHS hermetically sealed enclosure 
protects components and assemblies against 
7 major causes of product failure for 

a lifetime of use...in fact, it would 

take over 30 years for less than a 

cc of air to penetrate it! Time virtually 
stands still... and the ravages of 
moisture, dust, corrosion, fungus, etc., 
cannot interrupt the fine quality and 
performance of your products originally 
designed into them. For complete 
reliability, we invite you to investigate 
the GHS system of product improvement 
with hermetic sealing. 


NON-DESTRUCTIVE TESTING 
MEGPOT 


A highly efficient, portable 
Megohm-Meter and High Potential 
Test Set for rapid testing 

of components and insulation. 

10 million megohms, 100, 200 or 
500V DC, automatic charge and 
safety controls. Up to 5000V AC. 


WRITE OR CALL TODAY FOR HERMETIC SEALING 
BROCHURE, AND MEGPOT BULLETIN NO. 158A 


GENERAL 
HERMETIC 
» SEALING core. 


99 E. HAWTHORNE AVE. 
VALLEY STREAM, L.I., N.Y. 
VAlley Stream 5-6363 


ELECTRONIC SUB-SYSTEMS @ MEGPOTS @ GASEALS 
TOGGLE SWITCHES @ HERMETIC SEALING SERVICES 
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Pius or Minus 


Random Comments of the Editors and Readers 


Heat Transfer Conference 


Heat transfer techniques for electrical 
equipment was one active subject of 
discussion, and equipment ranging from 
heat transfer equipment to environ- 
mental test chambers was on display at 
the recent 3rd National Heat Transfer 
Conference sponsored jointly by the 
ASME and AIChE Heat Transfer Divi- 
sions. Over 600 people gathered at the 
University of 


Connecticut in Storrs, 


| Connecticut, August 9 through 12 for 


the conference. Fifty-seven papers were 
given dealing with such subjects as 
boiling and condensation phenomena, 
heat exchangers, conduc- 
tion, radiation, missile reentry, freezing, 


convection, 


thermal measurement, reactor design 


| and thermal properties. Papers of par- 


ticular interest to readers of ELECTRICAL 
MANUFACTURING are the following: 


e@ Condensation of a Vapor in the Pres- 
ence of a Non-Condensing Gas—W. 
W. Akers, S. H. Davis, and J. E. 
Crawford (AIChE-113) 

Condensation Inside a Horizontal 
Tube—W. W. Akers and H. F. Rosson 
(AIChE-114) 

One-Dimensional Quasilinear Heat 
Flow With Boundary Conditions 
Periodic in Time—D. N. Roy and J. 
S. Thomsen (ASME-59-HT-26) 
Improved Lumped-Parameter Method 
for Transient Heat Conduction Cal- 
culations With Flat-Slab and Cylin- 


drical Elements—H. G. Elrod, Jr. 
(ASME-59-HT-28) 
Temperature Distributions in Solids 
With Electrical Heat Generation and 
Temperature Dependent Properties 
R. P. Stein and M. V. Gutstein 
(AIChE-117) 
Effect of Thermocouple Cavity Near 
Heat Sink Surface on Sink Tempera- 
ture Distribution and its Measurement 
J. V. Beck and H. Hurwicz (ASME- 
59-HT-20) 
Determination of Core Dimensions of 
Flow Gas-to-Gas Heat Ex- 
changers—P. S. Lykoudis and R. M. 
Shastri (AIChE-118) 
Assessment of Heat Exchanger Data 
S. K. Jensen (AIChE-120) 
Organization of Heat Exchanger Pro- 
grams on Digital Computers—J. J. 
Taborek (AIChE-122) 
Aspects of Local Boiling Effects on 
Density and Pressure Drop—C. P. 
Costello (ASME-59-HT-18) 
Approximate Theory for Film Boiling 
on Vertical Surfaces—Y. Y. Hsu and 
J. W. Westwater (AIChE-103) 
Heat Transfer in Saturated Boiling— 
Y. Chang and N. W. Snyder (AIChE- 
104) 
Radiation Fin Efficiency for One-Di- 
mensional Heat Flow in a Circular 
Fin—R. L. Chambers and E. V. Somers 
(ASME-59-HT-8) 
Radiation Fin 
Bartos and W. Il. 
59-HT-17) 


Pressure Drop and Heat Transfer in a 


Cross 


Effectiveness—J. G. 
Sellars (ASME- 


(Continued on page 236) 


cere For Integrity and Dedication in Research ; 


(From an address by A. W. Overhauser of 
the Ford Motor Co. Scientific Laboratory 
given at the University of North Carolina, 
April 20, 1959.) 

“Few attitudes are more necessary in 
research than respect for truth, a spirit 
of skepticism. and an 
critical eye. Yet in this age. which is 
characterized by an almost explosive 
growth of 


ever-cautious 


endeavor. many 
symptoms suggest a weakening of this 
required integrity. The professional 
journals are filled with badly written 
articles. Authors hastily submit incom- 
plete reports of their work in a hectic 
scramble for priority or for a long and. 
so they think, impressive list of pub- 
lications. Many workers think it un- 
to repeat an experiment in 


scientific 


necessary 
a test for 
hypotheses are 


reproduceability. Tenuous 
proposed and = an- 


nounced by some without critical ex- 


amination, confident perhaps that the 
credit will be theirs even if someone 
else eventually proves their case. Ab- 
stracts of oral presentations to be given 
at professional meetings are frequently 
submitted before the research has been 
completed, and in some cases before it 
has hardly begun. (In order to dis- 
American 
Physical Society has found it necessary 


courage this practice the 
to impose a ten dollar fine on members 
who withdraw abstracts that have once 
been submitted. ) 

“We frequently hear a plea for more 
scientists, for more basic research, as 
if the hundreds of feet of new shelf 
space needed each year in 
libraries were not already a sufficient 
headache for everyone concerned. One 
can understand why a student. already 
weary from long years of preparation, 
might cringe in sympathy for those 


technical 
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when it 
comes to 


REVERSE 
RECOVERY 


actual size 


Raytheon Diffused Junction 
Silicon Rectifiers provide the 
precise junction gradient 
necessary for many 
applications. Operating 
temperature range is from 
minus 65° C to plus 165° C. 


Available in stud and wire-in 
types having a wide range of 
characteristics, meeting MIL 
specifications. 


Available 
in production quantities. 


SEMICONDUCTOR DIVISION 


SILICON AND GERMANIUM DIODES AND TRANSISTORS 
SILICON RECTIFIERS + CIRCUIT-PAKS 
New York, Plaza 9-3900 + Boston, Hillcrest 4-6700 
Chicago, NAtional 5-4000 + Los Angeles, NOrmandy 5-4221 
Baltimore, SOuthfield 1-1237 + Cleveland, Winton 1-7716 
Kansas City, Plozo 3-5330 + Orlando, GArden 3-1553 
San Francisco, Fireside 1-7711 
Government Relations: Washington, D.C., MEtropolitan 8-5205 
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silicon rectifiers give you slow start — slow rise 


silicon rectifiers give you slow start — fast rise 


silicon rectifiers give you fast start — slow rise 
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New Series of Sprague Cylindrical-Style Radio Interference Filters: top row, l. to r.—4JX14, 5IX94, 
1IX115, 20JX15, S0JX20 bottom row—SJX27, 1) X54, 1JX113, 13X117, 21X49, 137X118. 


New Series of Small, Light 
Radio Interference Filters 


The new cylindrical-style radio 
interference filters recently an- 
nounced by Sprague Electric 
Company are the smallest and 
lightest filters of their type avail- 
able for military and industrial 
electronic and electrical equip- 
ment. Their basic design was 
pioneered by Sprague in order 
to achieve maximum miniaturi- 
zation. 

This new series of standard 
filters, believed to be the largest 
in the industry, ranges in cur- 
rent rating from 5 milliamperes 
to 50 amperes to cover the great 
majority of application needs. 

The natural shape of the 
rolled capacitor section and of 
the toroidal inductors dictates 
the cylindrical form. All filters 
have threaded-neck mountings 
for use on panels or bulkheads. 
This assures both the proper 
isolation between input and out- 
put terminals as well as a firm 
peripheral mounting with mini- 
mum impedance to ground. 

Listed in Sprague Engineer- 
ing Bulletin 8100 (available 
upon request to the Technical 
Literature Department) are 68 
of the more popular low-pass 
filter designs intended for use 
as three-terminal networks con- 
nected in series with the cir- 
cuits to be filtered. The excel- 


lent interference attenuation 
characteristics reflect the use of 
Thrupass® capacitor sections. 

Since maximum effectiveness 
of filtering involves elimination 
of mutual coupling between in- 
put or noise source and output 
terminals, filters should be 
mounted where the leads being 
filtered pass through a shielded 
chassis or bulkhead. The 
threaded neck mounting is de- 
signed to give a firm metallic 
contact with the mounting sur- 
face over a closed path encir- 
cling the filtered line and to 
eliminate unwanted contact re- 
sistance so that the theoretical 
effectiveness of these units is 
realized in practice. 

Typical insertion loss is de- 
termined by measurements 
made in conformance with Mil- 
itary Standard MIL-STD-220. 
Minimum curves for specific fil- 
ters are available upon request. 

For assistance in solving un- 
usual interference, rating, or 
space problems, contact Inter- 
ference Control Field Service 
Manager, Sprague Electric Co., 
at 12870 Panama Street, Los 
Angeles 66, California: 224 Leo 
Street, Dayton 4, Ohio; or 307 
Marshall Street, North Adams, 
Massachusetts. 
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who follow him, fearing that yet an- 
other course will be added to the 
curriculum. Perhaps the accumulation 
of knowledge might eventually limit the 
rate of scientific progress, allowing 
only [to] those who have become gray 
an appreciation of the subtleties at the 
frontiers of research. A happier result 
might be a reduction in the number of 
students who have no real sense of 
dedication. For what do we find today? 
Many a student having received his 
Ph.D.—his union card, so to speak, for 
independent research—goes off and is 
never heard from again. Still others 
persevere in creative effort for five or 
ten years and then become silent. | 
suppose that for many science is but a 
challenge. Once the method is mastered 
and one’s ability is proved, it becomes a 
bore, an activity to be outgrown like 
the childhood games of hopscotch and 
Old Maid. These, at any rate, are some 
of the symptoms. I have no intention of 
suggesting that the malady is serious or 
the diagnosis clear cut. | submit them 
only as evidence that the habits neces- 
sary to the calm and disinterested pur- 
suit of truth are neither easy to acquire 
nor easy to retain.” 

°° © ee e @ @ 


THIS MONTH’S COVER 


Electrical / 
Manufacturing 


The internal violence with which a little 
hunk of clay (ferrite) reacts to magnetic 
fields is one of several quantum-mechan 
ical phenomena discussed in this month’s 
Basic Science & Engineering feature, 
“Low-Noise, Solid-State Microwave Am- 
plifiers,” beginning on page 139. When 
ferrite in a resonant cavity is magnetized 
by a constant d-c field, incidence of high- 
frequency “pump” power (arrow from 
upper left) causes the magnetization vee- 
tor of the ferrite to precess about the d-c 
field vector, thus storing energy that can 
be used to regenerate (amplify) lower- 
frequency r-f signals (lower left arrows). 
Cavity is triply resonant to pump, signal 
and difference frequencies. Credit M. 
Ulaky of Westinghouse Research Labs 
with the cover idea, 
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OPEN OUT FOR CONVENIENCE 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply te 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
if received by December |, 1959 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 
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specific editorial items or advertisements in 
which you are interested. 
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Actual photo of 
Phillips Type 8 relay 
after completing 
208,000 000 plus 
Operations 


LIFE TESTS PROVE DOUBLE LIFE: At a killing 10 pulses per second, in our own and in our cus- 
tomers’ tests, PHILLIPS RELAYS are far exceeding the industry's life expectancy standards. Here is 
a dramatic breakthrough) iit Pelay reliability and durability made px by new concepts in design, in 
materials-applicationy amd Im production techniques. Let us prove that Phillips Relays wil! extend the life 
and reliability of your equipment. Advise us of your requirements and we will submit a specially engi- 
neered sample for your @valuation tests. 


Sei _LieSsS 


PHILLIPS CONTROL CORPORATION - JOLIET 1, ILL. 
A subsidiary of Allied Paper Corporation 


Phillips Sub-Miniature Relays are used in such critical applications as: supersonic aircraft, atomic 
bomb tests, intercontinental missiles, tracking and guidance systems. 
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longer life, 
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In the AS&W Spring Laboratory a semi-resonant spring fatigue machine is testing the Lipe-Rollway 
clutch spring. At speeds of 700 cpm this spring is functioned beyond its normal life span and at higher than 
normal stresses to prove conclusively its superior design as a clutch spring. 


ELECTRICAL MANUFACTURING 





A USS American flat wire compression spring is shown in place 
in the Lipe-Rollway clutch. Four round wire compression springs 
are also being installed in the clutch. 


better performance in heavy-duty clutches 
_.. thanks to AS&W 


Spring Engineering Research Service 


The Lipe-Rollway Clutch Division, Lipe-Roll- 
way Corporation, Syracuse, N. Y., manufactures 
automotive clutches for heavy-duty trucks, trac- 
tors, buses and other large mobile equipment. 
Because USS American Springs play a vital part 
in the performance of these clutches, Lipe-Roll- 
way asked the AS&W Spring Engineering Re- 
search Service to test the springs and determine 
if any changes should be made in the design to 
improve and maintain the high performance 
standards. 

As a result of these tests the AS&W Engineers 
recommended certain important changes to give 
the springs longer life. After this reeommenda- 
tion was adopted by Lipe-Rollway, Mr. Harvey 
Gray, Chief Inspector & Quality Control, had 
this to say: ‘‘Exceptional service has been real- 
ized from our American Steel & Wire Springs.” 


American Steel & Wire 
Division of 


If you have a spring problem or would like 
advice on the use of springs in your product, 
get in touch with our general office in Cleveland, 
or any American Steel & Wire Sales Office. You 
can benefit from the knowledge of AS&W’s 
Spring Engineering Research Service. The Serv- 
ice has been engaged in laboratory experiments 
of static and dynamic testing for 20 years and 
has accumulated invaluable data on stress and 
fatigue life of steel springs, while endeavoring 
to improve efficiency in the use of steels—from 
steel chemistry through product application— 
to more economically cope with today’s rigorous 
demands. This accumulated knowledge of the 
AS&W Spring Engineering Research Service is 
at your disposal. 

American Steel & Wire, 614 Superior Ave., 
N.W., Cleveland 13, Ohio. 


USS and America e registered trademarks 


United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors « Tennessee Coal & tron Division, Fairfield, Ala., Southern Distributors * United States Stee! Export Company, Distributors Abroad 
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CUSTOM PRINTED CIRCUIT SUB-ASSEMBLIES 
another area where Photocirevits does it better 


Photocircuits—the world’s largest supplier of printed 
circuits for exacting requirements—offers contractors 
“missile reliability” in complete, tested sub-assem- 
blies for military equipment. 


Photocircuits is equipped with assembly and test 
facilities to carry over the same precision quality 
control from circuit board to final package. Our In- 
spection and Quality Control Departments are con- 
tinuously working with Military Specifications such 
as MIL-Q-5923C, MIL-Std-105A, MIL-P-1877A, 
etc.; our quality control system is under continual 
surveilance by the Air Force. 


Circle 113 on page 17 


Photocircuits has the experience, equipment and 
personnel necessary to produce your sub-assemblies 

. quantity or prototype . . . faster, more depend- 
ably and at less cost. All under the same roof! This 
eliminates divided responsibility during fabrication 
and assembly and assures you the same fine quality 
in sub-assemblies that is already available in printed 
boards. 


Your nearby Photocircuits Factory Engineer will be 
happy to give you more complete data on Photo- 
circuits’ facilities, or write direct to Dept. A-1374, 
Photocircuits Corporation, Glen Cove, New York. 


Phatcireuits 
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Skinner solenoid valves solve many 
different cylinder control problems 


Application. This Bryant “Centalign” 
automatic internal grinder is an en- 
tirely new concept in precison grinding 
machinery. Work parts are gravity-fed 
through chutes and loaded to grind 
position automatically. Centalign de- 
sign permits higher, more accurate pro- 
duction at lower cost in the grinding of 
straight or tapered bores or forms such 
as ball tracks. 


A complete line. There's a Skinner 
solenoid valve for almost any flow ap- 
plication with a wide variety of media: 
air, oil, water, inert gases, hydraulic 
fluids, kerosene and gasoline. Orifice 
sizes range from *%%," to 1”. Pressure 
ratings range from 5 psi to 3000 psi. 
Explosion-proof models are UL ap- 
proved for Class 1, Group D and Class 
2, Groups F and G. 


Seven Skinner valves used. Four- 
way, V9 valves control cylinders actu- 
ating work ejector, work interceptor 
and work loading chute. Others con- 
trol cylinders for activating a diamond 
holder for wheel sizing; an oscillator 
for grinding; and a compensating cyl- 
inder to skip wheel dressing action. Still 
another controls the shop-air supply to 
the machine. 


100,000 variations. The Skinner 
valves used by Bryant are so versatile 
in design that standard models can be 
used for applications normally calling 
for specials. Skinner solenoid valves 
are engineered to have a life expect- 
ancy of millions of trouble-free cycles. 


Adjustable flow features of the 
four-way valves permit split-second ad- 
justment of cylinder action. And all the 
valves are small, compact and easy to 
mount at any angle. Built-in spring re- 
turns assure positive closing. Such fea- 
tures enable Bryant to manufacture the 
Centalign in panels that afford easy 
access to all pneumatic, hydraulic and 
electric circuits. 


Quality assured. Electrical tests to 
UL Standards include resistance check 
of coils in valve; breakdown check of 
2x's rated voltage plus 1,000 volts; heat 
rise check of continuously energized 
coil for operation not above 85°C 
(185°F) rise above room temperature. 
These tests assure that you can use 
Skinner solenoid valves with 
confidence. 


Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Representative listed in the Yellow Pages or write us at Dept. 380. 


THE CREST OF QUALITY 
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THE SKINNER ELECTRIC VALVE DIVISION « NEW BRITAIN, CONNECTICUT 
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this R&M 
motor puts the & 
“arive™ in 


IBM electric 
typewriters! 


Almost twelve years have elapsed since 
International Business Machines Cor- 
poration used its first R&M motor to 
power its electric typewriters. Since 
then R&M has supplied thousands upon 
thousands of these special motors for 
IBM’s world-wide typewriter trade. In 
order to meet varying electrical condi- 
tions the world over, they are now sup- 
plied in 21 different voltages and 
frequencies. 

IBM proposed strict requirements 
for powering their machine. The motor 
must have high starting torque for 
quick response . . . run very quietly 
... cooler than normal ... fit a limited 


space ... and have stamina to perform 
dependably year after year. Within a 
short period of time, R&M delivered 
specifications for the right design—a 
dynamically balanced motor that ful- 
filled all of IBM’s standards, including 
reliable operation that covers thousands 
of hours between check-ups. 

A lot of fingers have gone over the 
keys since R&M produced its first IBM 
typewriter motor, but we still subject 
each IBM power unit to 100% inspec- 
tion. Moreover, we constantly work 
with IBM —and all our customers —to 
improve our motors and to adapt them 
to the ever-changing requirements of 


customers’ products. 


R&M’s experience in custom-design- 
ing motors for hundreds of products, 
and our facilities to produce a design 
at low cost, are at your service. Per- 
haps your problem can be met with a 
standard “off-the-shelf” power unit. If 
so, we'll tell you . . . and recommend 
the right R&M motor for the job. For 
power by either custom or standard 
fractional HP motors ... and perform- 
ance that will give you a big competi- 
tive advantage ... get in touch with 
Robbins & Myers today! Write for Bul- 
letin No. 450-EM 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 


SPRINGFIELD, OHIO + BRANTFORD, ONTARIO 


ELECTRICAL MANUFACTURING 





MOTORS 1/200 thru 1 HP 


(other ratings up to 200 horsepower) 
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At left, Retractable Capstan Motor... 
shaft of this special RaM fractional HP 
motor rotates and also moves axially. 
Manufactured for IBM’s 727 Magnetic 
Tape Unit. 


At right, Standard Fractional HP Motors 
. a wide range of types, sizes and mount- 

ings for DC, single or polyphase AC; all 

standard voltages and frequencies. 


At left, Standard Universal Motors . . 

ratings from 159 to 14 HP. Choice of end, 
pad or foot mountings to permit design 
versatility. Custom designs also available. 


At right, Series Motor Parts . . . precision- 
made series, universal or polyphase high- 
cycle motor parts. All types and sizes 
engineered to your requirements. 
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Phelps Dodge Applied Research has developed 
many outstanding magnet wires that anticipate 
the requirements for advanced insulation 
system designs. This widely diversified group 
of Phelps Dodge “‘firsts’”’ includes: 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest unswer! 


ELECTRICAL MANUFACTURING 





Magnet Wires that 
pace the Industry 
come from 

Phelos Dodge! 


SODEREZE® (solderable); FORMVAR (square and rectangular) 
BONDEZE® (self-bonding); S-Y BONDEZE® (solderable self-bonding) 
GRIP-EZE® (solderable self-gripping) 


NYLEZE® (solderable); THERMALEZE® B (round film) 


THERMALEZE® F (round, square, rectangular film) 
DAGLAS* (flexible glass) 


DAGLAS® H (flexible glass) 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 
TO MARKET! 
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Here’s a new, low-cost temperature controller that’s 
really built ‘solid’: thermistor sensing element, printed 
circuit, transistors. No wonder the Fenwal 535 Temperature 
Controller provides high precision, trouble-free operation 
and long life! 

The Model 535’s solid state components pay off in sim- 
plicity and dependability. The thermistor sensor mounts up 
to hundreds of feet from the controller using uncompen- 
sated electric wiring; has virtually limitless life; feeds into a 
rugged transistor amplifier. No moving parts . . . nothing 
to wear out! 

The Model 535 is the latest advance in the low-cost line 
of Fenwal Temperature Controllers specifically developed to 


* fully exploit the advantages... rapid response, compact size, 
at a ul reliability . . . of solid state components. And Fenwal, 
® alone, has integrated production of both controllers and 


thermistors. 
Use the Fenwal Model 535 Controller for fast response 
eee solid state components and close control of temperatures from —25°F to +600°F 
in plastics, packaging, or other critical applications. Get full 
details from a Fenwal Sales Engineer or write for catalog. 


in New Fenwal Fenwal Incorporated, 510 Pleasant Street, Ashland, Mass. 


Temperature Controller combine precision with extra reliability 


Single point Model 535 Fenwal Temperature Controller has 
2°F setting accuracy and sensitive operating differentials 
from 0.4°F to 1.2°F. Current capacity: 5 amps. 115 volts 
AC 10 amp. model later in 1959. 


CONTROLS TEMPERATURE... PRECISELY 
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Trimpot’ Trio 


Cite 


7OGOUmHL-209 


MODEL 236 HUMIDITY-PROOF MODEL 260 HIGH-TEMP, MODEL 200 GENERAL-PURPOSE TRIMPOT 
TRIMPOT HIGH-POWER TRIMPOT Up-to-the-minute version of the origina 
Completely sealed to meet Mil Specs for A favorite Mil Spec wirewound unit for wirewound Trimpot—used in more militar 
humidity, sand, dust and salt spray, this hot spots. Use it where you need depend- and commercial programs than any othe 
proved wirewound potentiometer dissipates able, continuous operation from —65 C leadscrew-actuated potentiometer. 

0.8 watt at 70 C., operates reliably at ten to +175 C. Dissipates 1.0 watt at 70 C Maximum operating temperature is 105 ( 
peratures up to 135 C. Resistance Resistances from 10% to. 100K. Choice of Dissipates 0.25 watt at 70 C. Resista 

from 1002 to 100K. Choice of terminals terminals and mounting types. from10@ to 100K. Choice of tern 

and mounting types. and mounting types. 








Its NEW 


Tip-toe, “‘on-off’’ Rockette 
complements the exciting new 
styling of the Hamilton Beach 
“Hatbox” Cleaner. Sub-panel 

mounting of the Rockette provides 


a neat appearance 


Its SMART 


Custom Rockette control unit 
accents the smart “Picture Frame” 
design of Hunter’s new Deluxe 

20” All-Purpose Fan. Compact 
Rockette includes thermostatic 
control of the two-speed, 


reversible fan motor. 


Its 
FUNCTIONAL 


Colorful Rockette blends perfectly 


with the functional beauty of 
American Photocopy Equipment 
Company’s Ply-On Laminator. 
Two-tone actuators assure 
proper operation for perfect 


results every time. 





/, 
/ y 


CLEANER By 





HAMILTON BEACH. 





STANDARD ROCKETTES 


RATINGS: TYPES OF TERMINALS: 
STANDARD DuTy Spade Screw _ Solder Lug 


3 amps (@ 250 volts 
6 amps (@ 115 volts 
MOUNTING BRACKETS: 


HEAVY DUTY 
Front Panel Sub Panel Snap-On 


10 amps (@ 250 volts 
15 amps (@ 115 volts 


#* 


im your Choice of » color » sizes 
wide namge of Circuits amangements-| 


CUSTOM BUILT ROCKETTES... 


If you require a special switch design; you will find 
prompt, efficient service when working with 
Cutler-Hammer. Cutler-Hammer Rockettes can be easily 
adapted to your specifications. Note this custom-built 
two-pole Rockette features extra thin actuators. 

Write or wire today for prices or additional information. 
Dept. V-231, Cutler-Hammer Inc., Milwaukee 1, Wis. 


fathesaeiiay ‘ocketle is a Cutler-Hammer Trade Mark 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. ® Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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Francis E. Blod specifies 


To give kitchen storage added utility 
and exciting style that blends with 
modern day kitchen appliances 
nationally known industrial de 


igner Francis Blod has taken ad 


vantage of Sharonart*, to achieve -4 
the clean line, functional and highly 
attractive kitchen storage unit shown 
on these pages. 
A recipient of many national 
design awards, Mr. Blod is a Board 
Member and President Emeritus of ® 
the Package Designers Council 


graduate and member of the Board 
of tomorrow... 


of Trustees of the School of Design 
of Pratt Institute 


Sharonart*, Sharon’s exciting 
new surface patterned steel, 


is stimulating the imaginations of leading designers everywhere. 


It has all the strength, economy and forming advantages 

of steel, plus the mar resistance and added beauty of a textured surface. 
Ideal for wear areas. it permits model changing without retooling. 
Available in dozens of patterns, Sharonart* can be made in 
almost any special pattern to suit design requirements. 

Patterns are rolled in plain carbon steel or in stainless steel. 
Literature and samples available 

upon request from the Sharon 

representative in your area 

by writing direct to the 

Sharon Steel Corporation, 

Sharon, Pa. 


*™ 


Rotating cupboard accomodates both dishes and glass- 
ware providing organization and ready access while 
preventing chipping. Sliding Sharonart* panel 
utility section provides storage for outsized objects. 


Pull-out bins offer ready accessibility to staple 
vegetables as well as pots and pans. Protruding 
handles are eliminated through the use of pressure 
sensitive spring loaded closures and recessed pulls. 
Trim look of Blod designed kitchen unit includes flat- 
ware and linen drawers and automatic Sharonart* 
stainless steel cannisters adjusted to dispense pre- 
measured amounts of dry foods, spices, etc. 
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Side elevation of secondary bus system, using round tubular copper bus conduc- 
tors, 244” $.P.S., in unused plant tunnel. The run is approximately 275 feet long 


Round copper tube bus carries more amperes per 
pound of copper—cuts installation costs 


When a large eastern elec trolytic refinery recently shifted to 
purchased electric power, it capitalized on the electrical and 
mechanical advantages of round tubular copper bus conduc- 
tors to effect some economies 

Directly below the 10,000 kv-a outdoor substation was an 
unused coal conveyor tunnel that ran some 275 feet back to 
the former powerhouse. In this, the secondary bus system 
using 2.3-kv high-conductivity bus tube, 24%” S.P.S., was 
installed as shown in the drawings. 

These round conductors, having an extremely low skin- 
effect ratio (1.01) can carry well over 300 amperes per 
pound of copper—compared with less than 275 amperes per 
pound for rectangular bus of the same cross-sectional area 

In addition to this materia] saving, 
standard pipe sizes made possible installation savings through 


round conductors in 


the use of stock-size supports, connectors, and other hardware. 
Substantial savings are often possible through the use of 
a tubular bus with a low wall-thickness-to-diameter ratio 
More complete information on tubular conductors is avail- 
able in the Sixth Edition of The American Brass Company's 
Publication C-25. This 62-page booklet has a wealth of gen- 
eral information on the properties ot coppe! conductors plus 
convenient data for the most commonly used sizes of all types 
of rigid bus conductors. 
TECHNICAL SERVICES. Anaconda specialists are available to he Ip 
you in the solution of technical problems involving the use of 
Anaconda Bus Conductors. For such service, or for a copy of 
Publication C-25, see your nearby Anaconda representative. 
Or write: The American Brass Company, Waterbury 20, 
Connecticut. In Canada: Anaconda 
New Toronto, Ontario 


American Brass, Ltd., 


OUTDOOR 
SUSI Me ate ee 





CONVEYOR 
TUNNEL 


End elevation of tunnel showing how bus conductors are mounted 
on either wall, covered by a simple expanded metal en losure. 


ANACONDA’ 


COPPER CONDUCTORS 


Made by The American Brass Company 


THERE’S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 
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are vibration free--sleeve or ball bearing 


Today, many motors are installed in areas where 
noise must be held to a minimum — in hospitals, 
churches, schools, office buildings, restaurants and 
similar locations where quiet is essential or desirable. 

Such installations have created a need for larger 
polyphase motors that are exceptionally quiet and 
vibration-free. Wagner has filled this need by expand- 
ing its line of polyphase resilient mounted motors to 
include standard ratings through 10 hp. 

If you have an application that calls for a smooth 
running motor, cushioned by resilient mountings, it 


will pay you to specify these Wagner Motors—a com- 
plete range of ratings from | through 10 hp. 

Constant research and development have kept 
Wagner up front in electric motor design for more 
than 65 years—made the name Wagner one you can 
trust in choosing electric motor drives. 

Your nearby Wagner Sales Engineer can help you 
select the right motor to meet your requirements. 
There are Wagner branch offices in 32 principal cities. 

Warner Electric Corporation 


6400 PLYMOUTH AVENUE, ST. LOUIS 14, MISSOURI! 


SLEEVE OR BALL BEARING. These motors are 
furnished with quiet running steel-backed babbitt 
lined sleeve bearings that have high load car- 
rying capacity. Ball bearings can be supplied 
when desired. 


NEOPRENE CUSHIONING RING. Annular mount- 
ings, of neoprene bonded to steel rings, cushion 
the motor in its cradle base to absorb the small 
amount of vibration that remains in the most 
carefully balanced motor. 


CEILING, SIDEWALL OR HORIZONTAL MOUNT 
ING. You can mount these motors on walls or 
ceilings by rotating the cradle base 90° or 180°. 
The motor is designed to remain completely drip- 
proof in any horizontal position. 





Pack MORE POWER Into LESS SPACE 







Oe 
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PROVIDE DEPENDABLE STARTING...GIVE LONG TROUBLEFREE SERVICE... 


OPERATE IN ANY POSITION Here’s the single 


phase general purpose motor that gives quick troublefree starts 
every time—thanks to a Wagner-designed quick break switch .. . 
that has earned the Wagner motor reputation for giving long 
troublefree service that permits all angle operation in sleeve 
bearing fhp models 
Wagner Type RK Motors give more horsepower with less bulk 
are ruggedly built to permit direct mounting—are small enough 


to fit in tight spots. Available in a range from % through 5 horse- 


power, with either sleeve or ball bearings, with rigid bases or with 
resilient mountings for exceptionally quiet operation. 

You can get these motors from leading motor distributors in 
your community or through Wagner Sales Offices in 32 principal 
cities. Your Wagner Sales Engineer will be glad to help you select 
the right motor for your application. Wagner Bulletin MU-217 
gives full details on Capacitor-start Motors. 


Wadaner Electric Corporation 


6400 PLYMOUTH AVENUE, ST. LOUIS 14, MISSOURI 





QUICK BREAK SWITCH. The starter is discon- 
nected from the line by this Wagner-designed 
switch—test proved to make more than a million 
breaks. (That adds up to two starts per hour for 
50 years!) 


MYLAR* INSULATION. Mylar-paper insulated 
slot insulation gives excellent protection against 
moisture, adds thermal stability that gives these 
motors longer life when unexpected overloads 
occur. *DuPont Trademark 


ALL-ANGLE OPERATION. The sleeve bearing 
design, in fractional hp ratings, has a positive 
lubrication system that permits operation in any 
position . . . can mean important savings in motor 
costs to manufacturers. 





BROWN 
ata 


put stable perform- 
ance in your measur- 


ing and servo loops 


Thesesynchronously-driven chop- 
pers handle d-c signals as small as 
10 * volt. SPDT switching action. 
Sensitive, stable performance. 
Ideal for computers, servomech- 
anisms, balancing circuits. Avail- 
able with special features such as 
fungus proofing, grounded hous- 
ing, mica-filled base, various con- 
tact percentages. Weight: 10 
ounces. Prices from $36. 


Driving coils in 60-50, 40 and 25- 
cycle converters are energized by 
6.3 volt a-c. 400-cycle converters 
use 18 volts. Other specifications 
on chart at right. 


MINNEAPOLIS- HONEYWELL, 
Wayne and Windrim Avenues, 
Philadelphia 44, Pa. 


Part | PartNo. ‘|. 
Modulation Frequency 
Switching Action (SPDT) 


____ELECTRICAL CHARACTERISTICS CHARACTERISTICS 
Corder 4 2 Haearte-3 | 3 354210-1 
ie , cycles | 40-45 Corder 4 50-65 cycles 


(Make-before-break) 
Each onda closed 55% of each cycle 
(+ 2%) Other actions, as specified 


| __-354210-4 "354210-2 | 354210-3_| 354210-1 | 354210-4 | 355081 
50-65 cycles 360-440 cycles: 
(Break-before Each contact 
make). Each closed 57% of 
contact closed each cycle 
47% of each (+7%) 
cycle 





Driving Coil Requirements 


Contact Rating 
Electrostatic Stray Pickup 


Electromagnetic Stray 
Pickup 


Phase Shift 


Symmetry 
Shielding 


Load Characteristics 
Vibration Resistance 


“Weight 


Special Features 


18 v, 94 ma 
at rated 
frequency 


6.3 v, 60 ma at rated frequency 


100 microwatts at 6 v max.; 1.0 ma max. __ 
2 x 10° volts per ohm of input circuitimpedance __ 2x10" 


Less than 2 x 10° volts, constant to within? x 10 2 x 10° volts 
constant jo 
2x10 
Lags driving 
phase by 45 
to 50 
Within 7% 
Shell and coil 
shield, grounded 
through pin 
No. 2 


Output voltage lags driving phase by 17° 


Within 2% a 
Frame and coil shield, grounded through pin No. 2 








Resistive or Inductive 
Output voltage varies less than 2% with rates of vibration from 0 to 10g _ 
10 oz __*8.5az 


Specify HSB Be6. A for anti-fungus treated, vibration re All 400-cycle 
tant wiring, hermetically sealed case converters are 

Also aVailable with side plug for exciter coil connection treated as 
shown at left 


Honeywell 
iH Fiat we Control 


Circle 123 on page 17 


OCTOBER 1959 





Redesigning Contact Plunger 


improves Strength 


Original plunger design 
(top) used brazed hinge 
, Piece; simplified by Mallory 
to produce the one-piece 
design (below) with better 
strength, lower cost. 


ELECTRICAL MANUFACTURING 





Another example of how Mallory Contact Engineering helps manu- 
facturers get better contact performance plus savings in contact cost. 


Cuts Costs 20% 


Maybe there are some unnecessary production 
operations that go into your contact assemblies . . . 
adding to cost and often subtracting from service. 
Mallory contact engineers are expert at hunting out 
these production ‘‘bugs’’ and exterminating them 
for you. . . with plenty of pay-off for you in per- 
formance and profit. Here’s a typical example. 


THE PROBLEM: the moving plunger in an oil circuit 
breaker has its body made of copper tubing to 
minimize mass and thus get fast operating speed 
and short arcing time. An Elkonite® 20S tip was 
brazed to one end. The hinge end consisted of a 
copper piece which was turned, milled and drilled 
and then brazed into the other end of the rod. The 
hinge was a source of trouble: tended to get bent, 
and the hole was elongated by high operating forces. 


THE MALLORY SOLUTION: Mallory engineers recom- 
mended a simplified design. Instead of attaching a 
separate hinge piece, they recommended forming 
the end of the tube to shape and drilling it. 


THE RESULTS: stronger, simpler construction. No 
brazed joint. High hardness ended hole elongation 
and bending, because the softening effect of brazing 
was eliminated and cold working during forming 
operation gave added hardness. Total plunger 
weight was reduced. Overall cost is 20% lower. 


Want us to see what we can do on your contact de- 
signs? Just write or call for a consultation. 


_MALLorY 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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MALLORY CONTACT SERVICE GIVES YOU... 


Specialized Contact assembly methods. Resistance braz- 
ing, performed in this section of our contact assembly 
department, is one of the many techniques which our 
research has developed for the specialized problems of 
attaching contacts to backing members. By taking ad- 
vantage of our know-how in resistance brazing, furnace 
brazing and other joining methods, you get peak per- 
formance in your contact assemblies at lowest cost. 


Specialized Contact materials. Using X-Ray diffraction 
apparatus like this, and a host of other laboratory 
equipment, Mallory has developed through basic 
metallurgical research a complete line of contact metals. 
Many of these stem from our pioneering work in powder 
metallurgy. Included are heavy-duty Elkonites®, 
Elkoniums®, and many precious metal and copper 
alloys ... a uniquely broad line to match any and all of 
your requirements. 
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Torrington Drawn Cup Needle Bearing . .. 
for moximum radial capacity in minimum 
cross section... positioned by press fit— 
snap rings or shoulders unnecessary ... runs 
directly on hardened shaft... most com- 
pact, light weight, economical. 


Torrington Drawn Cup Roller Bearing... 
for higher speeds or long pregreased life 
...thin section race for simple press fit... 
runs directly on hardened shofts... unit 
construction for easy assembly ... shaft- 
riding retainer. 

Torrington Heavy Duty Needle Bearing... 
for use with thin section or split housing where 
extreme impact loads require heavy outer 
race...maximum shock resistance .. . full 
roller complement . . . unit construction. 


Torrington Heavy Duty Roller Bearing... 
for combination of high speed, long pre- 
greased life or shock resistance... roller 
stability provided by end-guiding ...flange- 
riding retainer ... unit design. 

All of these types of bearings are available 
with inner races. 


Only Torrington Makes All Four! 


Torrington developed the Needle Bearing and its specialized 
variations. This breadth of experience assures impartial engineer- 
ing recommendations based on specific application requirements. 
You can rely on Torrington to recommend the most compact 
and economical design compatible with operating conditions and 
performance requirements. Call on your Torrington representa- 
tive for help in applying the right bearing in the right place. 
The Torrington Company, Torrington, Conn.—and South Bend 
21, Indiana. 


TORRINGTON BEARINGS 


Every Basic Type of Anti-friction Bearing 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + NEEDLE ROLLERS + BALL + THRUST 
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OZALID DURATRACE 


is tearproof, bruise-resistant, and— won't “dog-ear” 


Virtually tearproof! As its name implies, Duratrace 

is an extremely durable drafting film, far superior to 

cloth—and less costly. Its base is Mylar* polyester MAIL TODAY 
film, the toughest film ever made. Duratrace won’t FOR FREE 
tear, “‘dog-ear’’ or bruise under handling . . . main- TEST SAMPLE! 
tains its high-dimensional stability under any cli- 

matic condition. 


Ln ce ee ee SE SS SE SS SE SD SS Ge SS 


Easier corrections! The fine-tooth, fibre-free matte 
surface of Duratrace takes pencil better than cloth— OZALID, Dept. K-10 
permits hard pencils for greater accuracy. It can take 


- : s : Johnson City, New York 
15 pencil erasures in one spot without “‘ghosting.”’ 


Please send me free test sample and 
Better, faster reproduction! The extra-high trans- descriptive brochure on Ozalid Duratrace. 
lucency of Duratrace means maximum-contrast 
prints—faster. Distortion of drawings is ended, for it 
won’t stretch, melt or peel in copying machines. 


Name 
Company 
*®Du Pont polyester film 


a 
OZALI a 
, _ Cy cee SD 


Division of General Aniline & Film Corporation 
In Canada: Hughes-Owens Co., Ltd., Montreal 
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ACTUAL SIZE 


1 HP 1800 RPM 
ENCLOSED 
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General Electric Thinline Motor — 


SHORT, LIGHT AND VERSATILE 


You can easily eliminate one of your motor installa- 
tion problems with General Electric’s new polyphase 
motor for limited-space mounting. 

Up to eight inches shorter and 26 pounds lighter than 
standard flange-mounted motors, General Electric’s 
new Thinline motor will let you meet your horsepower 
requirements in considerably reduced installation space. 
By getting more horsepower in less space, you will be 
able to design more compact equipment in the future. 
On your present equipment, the Thinline motor’s 
smaller overhang reduces required equipment space 
or gives operators more working area. 

Easier to handle and position during installation, 
the Thinline motor minimizes mounting problems. 
Your assemblers will be able to work faster with less 
fatigue. And the 26-pound weight reduction lets you 


INTERCHANGEABLE FLANGE DIMENSIONS 


Outside Diameter of Flange in Inches 7 
"Standard _Modified “D” | Alternate 
10.25 WW 12 








save substantially on shipping costs! 

A wide choice of enclosures and mounting dimen- 
sions adds versatility to the Thinline motor’s flange- 
type design. Thinline motors are available from 1 to 5 
HP in both dripproof and totally-enclosed constructions. 

Mounting versatility is provided by your choice of 
three mounting flanges for each Thinline motor rating. 
Any of the three available flanges (see the chart below) 
can be used for all-angle mounting—without adding 
to motor length. 

You can get the answer to your Thinline motor appli- 
cation question simply by calling your nearby General 
Electric Apparatus Sales Office. If you have not re- 
ceived your copy of General Electric’s Thinline motor 
publication, write to Section 840-28, General Electric 
Co., Schenectady, N. Y. Ask for Bulletin GEA-6927. 


KNOWN APPLICATIONS 


Fans and Blowers Floor Machinery 


Food Machinery Paper Machinery 
Textile Machinery Pumps and Compressors 


Machine Tools and Metalworking Machines 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


SOLVE SPACE AND WIRING PROBLEMS 
with Switch/Light Combinations 


You probably use these Hether- 
ington Switch/Light combinations 
every time you travel via leading 
air lines. Here they are used as 
hostess call lights. As you may 
have suspected, however, this is 
just the beginning of their useful- 
ness—both in aircraft as well as in 
commercial instrumentation and 
control uses. Their unique combi- 
nation of single- or double-pole 
switching action together with an 
illuminating push button offers 
definite advantages in terms of 
greatly reduced panel space and 
the elimination of switch-to-light 
wiring. Usually the entire assembly 
takes no more space than a con- 
ventional switch alone. 


Of particular importance for 
many applications, Hetherington 
Switch/Light combinations make 
it easier for operators to keep closer 
tabs on crowded panels without 
confusing control functions. By 
connecting the light to an exter- 
nally controlled circuit the illumi- 
nated button virtually cries, “Push 
Me,” to attract the operator’s atten- 
tion at the right time. In other 
models, lamp circuits are controlled 
by the main switch contacts or by 
a second set of auxiliary contacts. 


Typical contact ratings are 15 
amps at 30 volts ac-dc. Illuminated 
buttons can be made in virtually 
any color, shape or size. 
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NEW PUSH BUTTON SWITCHES FOR AVIATION’S 
TOUGHEST JOBS ... Designed fo MIL-S-6743 Specs 


BETTER SWITCHES FOR 
BETTER APPLIANCES 


A good electrical product deserves a 
good switch—and for types in the 5 to 
50 ampere range that means Hether- 
ington. Sturdy, good-looking switches 
—both push button, toggle, rotary, 
and other types—for unique operat- 
ing or mounting requirements have 
long been a Hetherington specialty. 
Chances are, Hetherington switch 
engineers can recommend something 
out-of-the-ordinary that will enhance 
the appearance and saleability of 
your electrical products while assur- 
ing long, happy switch performance. 


HETHERINGTON INC. 


designed for 


> Res. B 


Performance of these rugged, fully 
moistureproof snap-action switches 
far exceeds the requirements of MIL- 
S-6743, Drawing MS25089. They take 
a full 50G shock and 20G vibration, 
5 to 2,000 cps, without chatter. 

The basic switch can be fitted with 
any of eight different anodized alu- 
minum mounting adapters, such as 
those illustrated, to meet virtually 


HERE’S EXTRA SAFETY 
FOR WARNING LIGHT 
APPLICATIONS 
JUST "PRESS TO TEST” 


Ever wonder whether a warning light 
for a critical circuit was merely OFF 
or whether the bulb was burned-out? 

If so, you’ll appreciate the ‘“Press- 
to-Test” feature of this tiny Hether- 
ington Type L3200 light. 

The lamp and its circuit can be 
“checked-out” simply by pressing on 
the spring-mounted plastic lens cap. 
This makes contact through a sepa- 
rate third terminal circuit. When cap 
is released, the lamp functions 
through the regular circuit. 

The long plastic lens of the L3200 
gives wide, 180-degree visibility with 
either standard or edge-lit panels. 
Uses AN3140 lamps. For more de- 
tails, write for Bulletin L-2b. 
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any mounting or design requirement. 

Two-circuit, three-terminal, SP- 
DT, and other contact arrangements 
are available with ratings up to 10 
amps, 28 volts de. Ask for details on 
Hetherington Series W100. 

Similar switches for non-MIL and 
industrial applications are available 
in over 1800 different types as Heth- 
erington Series “JR.” 
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is one 


DELMAR DRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif. 


too many 
A Controls Company of America Subsidiary 
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Your some 1e : ‘ 
“Count their E 


+ 


when you give them built-in 


VEEDER-ROOT COUNTERS 


They can count on getting all the 
performance you build into your pro- 
duct, when you build-in Veeder-Root 
Counters. For then they can: 


Get up-to-the-minute production 
records 


Get closer production Countrol 


See positive proof of your service 
guarantee 


See when maintenance is coming due 
Avoid costly errors, waste, shortages 
Get extra profits in resale of VR 
Counters 


And what’s more, built-in Veeder- 
Root Counters give you a new mer- 
chandising feature that builds up sales. 
Count on us to show you how. Write. 


NEW HIGH SPEED, 
DIRECT-READING COUNTER 


can operate continuously at 6,000 rpm. It features a 
directly geared second wheel which reduces wear .. . 
also a means of providing an instantaneously corrected 
direct-reading in case the second wheel is not fully 
within the window. 

UNCORRECTED READING CORRECTED READING 


Veeder-Root .... 


Everyone can Count on HARTFORD 2, CONNECTICUT 


Hartford, Conn. * Greenville,S.C. * Altoona, Pa. * Chicago 
New York ¢ Los Angeles * San Francisco * Montreal 
® Offices and Agents in Principal Cities 
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A glass yarn “skeleton...with an asbestos “skin 


With new Quinorgo R-4...you get high mechanical 
Strength and lasting dielectric properties in one sheet 


For the first time... 
J-M Fiber Glass Yarn 
and J-M Asbestos Fiber 
are integrally combined 
in a single insulation 


Need an insulation paper with the excel- 
lent handleability that results from high 
mechanical strength? 

Because L-O-F Glass Fibers Company has 
joined the Johns-Manville family, you can 
now get excellent handleability along with 
good lasting electrical properties in new J-M 
Quinorgo" R-4. 

An open cloth of tough Vitron fiber glass 
yarn—the same uniform, low-twist yarn 
widely used for efficient magnet wire pro- 
duction—provides great strength in both 
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PERL 


... NOW gives you 2-ways-betier insulation 


machine and cross-machine directions. Pre- 
vents tearing, penetration; gives improved 
handleability for today’s high-speed fabrica- 
tion techniques. The glass fibers resist mois- 
ture .. . won’t shrink or swell . . . and they 
withstand temperatures up to 1000 F. 


Need dielectric properties that stand up 
under high operating temperatures ? 


You get lasting dielectric strength in new 
Quinorgo R-4. Highly purified asbestos fiber 
—formed integrally with the glass yarn as 
part of the papermaking process — retains 


its electrical properties under high-sustained 
operating temperatures. The asbestos has 
near-unlimited thermal resistance, too. 

Quinorgo R-4 is currently supplied in 10- 
mil caliper for rotating equipment. For this 
or other electrical insulation needs, contact 
your nearby Johns-Manville representative. 
In addition to Quinorgo R-4, he can supply 
a wide range of asbestos-based insulations 
treated with Class B, F, or H resins. Send 
for helpful data sheets. Johns-Manville, Box 
14, New York 16, N. Y. In Canada: Port 
Credit, Ontario. 


JOHNS MANVILLE 


JOHNS-MANVILLE MI 
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LOOK 
FOR THE 
DIAMONDS-—SIGN 
OF FINISHING 


QUALITY 


Only 


Process Engineered 


Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base—Decorative Finishing 


A COMPLETE PROCESS 
ENGINEERED LINE 


Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 
equipment you have available and give the 
performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


EXPERIENCED TECHNICAL 
SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They’ll help 
you check every step in your finishing oper- 
ation to make sure you’re getting the best 
possible finish on your products. 


2 


3 PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


IRIDITE 


p------- 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


4. ECONOMY 


The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


RESEARCH AND DEVELOPMENT 
FACILITIES 


If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 
service. 


a specialized line of chromate conversion coatings for non-ferrous 
metals. Apply by dip, brush or spray methods 
manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


at room temperature — 


comeusunenanunenl 


If you are using chromate conversion coatings to finish zinc, cadmium, aluminum, mag- 
nesium, silver, copper, brass or bronze — consider the above benefits of Iridite. For 
complete information, contact your Allied Field Engineer. He's listed under “Plating 
Supplies" in the yellow pages. Or, write for FREE TECHNICAL DATA FILE, 


Allied Research Pr oducts, ENC. 4004-06 east MONUMENT STREET © BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: L. H. Butcher Co, 


ISOBRITE \J qirp® 


Plating Chemicals & 
Grighteners Supplies 


Sy 
a Chemical and Electro- Tinie? | @hremM” 


chemical Processes, Anodes, Chromate Clear 
Rectifiers Equipment, and Supplies for Metal Finishing Coatings Coatings 


Line of 
Equipment 
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REPUBLIC 
WWMM 


SRT AI 
STEELS 


SINGLE STRIP TESTING guards magnetic quality! 


Asa key step in the stringent quality control of Republic 
Silicon Steel, samples are taken from each coil during 
production. From these samples, Epstein-type strips are 
carefully tested for magnetic core loss. These tests help 
maintain uniformity within very close limits. 


This is but a single phase of control and testing pro- 
cedures which begin at the open hearth, and continue 
throughout the entire production process. As a result, 
Republic Silicon Steels enable you to manufacture 
electrical products with precisely those characteristics 
your specifications demand. 
Republic offers you silicon steels in grades required 
for a diversity of applications. Core plating is also avail- CONTINUOUS ANNEALING of Republic Silicon Stee! 
able. For complete information, contact your nearest is carried out under full control of heat, atmosphere, 
Republic office, or write Republic Steel Corporation, Dept. and Gaing. This proces auures padiive phiydest 


and magnetic uniformity—from end to end, edge 


EM -8318, 1441 Republic Building, Cleveland 1, Ohio. 10 eden, of-cudd eolh 


REPUBLIC STEEL @RR=) 
Welt Wider Rewige % Standard, Staols and, SCA Prodi 
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| General Electric Semiconductor News 


Prices cut another 20% 


Mass production of SCR’‘s is 
now a reality. The experience, 
skill and manufacturing knowhow 
of General Electric’s SCR produc- 
tion line is your assurance of de- 
pendable quality-controlled SCR’s 
—an assurance unmatched by any 
other manufacturer. 


WHAT THE SCR DOES 

The SCR is a miniature semiconductor device that 
blocks positive forward voltage in its “off” or non- 
conducting state. However, by applying a small signal 
to the gate terminal it switches rapidly to a conduct- 
ing state and acts like a single junction silicon recti- 
fier. It is completely static, arcless and fast. It is 
almost 100% efficient. It contains no mechanisms sub- 
ject to wear. As a result, the SCR can switch and con- 
trol power either faster, more safely, less expensively 
or more reliably than the many devices it replaces: 
circuit breaker, relay, thyratron, magnetic amplifier, 
rotating amplifier and many others. Among the many 
hundreds of circuit designs are these: 


Superior d-c motor operation from an a-c source. Eliminates motor 
generator sets, tubes or magnetic amplifiers to provide controlled 
d-c. Replaces mechanical speed and direction changers. 

Superior a-c generation from a variable d-c source. First really 
practical method of using static inverters with ratings of several 
kilowatts. 

Simpler conversion to high frequency. SCR converters are small 
and efficient. Extends use of high frequency power where desirable, 
as in fluorescent lighting systems. 

Pulse modulators. Compact, yet rugged replacement for hydrogen 
thyratrons in radar and beacon modulators. 

D-c regulation. Control large blocks of voltage with small losses 
by pulse width modulation. Eliminate bulky rheostats and adjustable 
d-c generators. 

Other applications: Battery charging regulator, transient voltage 
protection, dynamic braking, constant current supply, static switching, 
regulated power supply, d-c to d-c conversion, temperature control. 
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silicon controlled rectifier 


First test data revealed, new circuits developed, 
customer designs move into manufacturing stage 


Prices again have been reduced an average of twenty per- 
cent on General Electric’s Silicon Controlled Rectifier, pro- 
viding greater values to users. These new prices have been 
made possible through expanding production and lower 
manufacturing costs. 
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TESTS AND FIELD REPORTS PROVE RELIABILITY 


Reliability of General Electric SCR’s has been steadily im- 
proved over two years of manufacturing experience. Typical 
test results point to the reliability achieved to date. 


MAXIMUM ALLOWABLE RATINGS (Resistive or Inductive Load) 


Continuous Peak Inverse Voltage (PIV) os 
Transient Peak Inverse Voltage (Non-Recurrent<5 millisec.) 
RMS Voltage (Vams), Sinusoidal 

Average Forward Current (IF) 

Peak One Cycle Surge Current (Isurge) 

Peak Gate Power 

Average Gate Power 

Peak Gate Current (Ic) 

Peak Gate Voltage (Vc) (forward) 

Storage Temperature 

Operating Temperature 


CHARACTERISTICS (At Maximum Ratings) 
Minimum Forward Breakover Voltage (Vso) 


Maximum Reverse (Ir) or Forward (Is) Leakage Current (Full Cycle Average) 


Maximum Forward Voltage (V+ avec) 
Maximum Gate Current To Fire (Icr) 
Maximum Gate Voltage To Fire (Vcr) 
Typical Gate Current To Fire (Icr) 


98% survival after 1000 hours of storage at 125°. 


97% survival after 1000 hours of operation at maximum 
ratings at 125°C. 


No thermal fatigue failures after 30,000 cycles from 
20°C to 135°C and return. 


Less than one percent failures experienced by customers 
(many of which were traced to misapplication). 


SCR NOW BEING USED BY MANY COMPANIES 


The evaluation stage is passing rapidly into the application 
stage. Many products incorporating the SCR are being mar- 
keted, for the applications are proved, circuits refined and 
quantity production is a reality. These are just a few of the 
many cases where an SCR is now doing a job more effici- 
ently, less expensively, faster or more reliably than previous 
designs: 


Power supplies incorporating transient voltage protec- 
tion (for computers). 


Radar modulator. 

Static switch to replace mechanical relay for aircraft. 
Three phase inverter. 

Stage lighting lamp dimming. 

Regulated power supply. 

Battery charging regulator. 

Constant current supply for a magnetic yoke. 


SEND FOR DESIGN INFORMATION 


Detailed application notes and article reprints are available 
for the guidance of designers. Your General Electric Semi- 
conductor Sales Representative will be pleased to provide 
you with complete details. Or write to Section $20109, 
Semiconductor Products Dept., General Electric Company, 
Electronics Park, Syracuse. New York. Many local G-E 
Semiconductor Distributors also stock General Electric SCR 
units for fast delivery at factory-low prices. 


C35U C35F C35A C35G C35B C35H C35C C35D 
25 50 100 150 200 250 300 400 volts 
35 75 150 225 300 350 400 500 volts 
17.5 35 70 105 140 175 210 280 volts 

Up to 16 amperes 

150 amperes 

5 watts 

0.5 watts 

2 amperes 

10 volts 
— 65°C to +150°C 
— 65°C to +125°C 


C35U C35F C35A C35G C358 C35H C35C C35D 
25 50 100 150 200 250 300 400 volts 
6.5 6.5 6.5 6.5 6.0 5.5 5.0 4.0 ma 
0.86 volts (Full Cycle Average) 
25 ma 
3 volts 
10 ma at +1.5 volts (Gate to Cathode Voltage) 


C-35 Series—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes. 
ZJ-50 Series—a high-current series now in development, and available on a prototype-sample basis. 
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TO THE ENGINEER 


looking for a quick connection 


Engineers out to cut costs at no expense of 
reliability can count on dramatic savings in 
assembly and wiring time by designing 
around AE Class E relays with quick-connect 
terminals. 


Series EQPC is designed for direct insertion 
into printed circuits. Series EQTT, with 
Taper-Tab terminals, provides firm, high- 
conductivity connections without soldering. 


AE also supplies Class E relays prewired 
for plug-in — with standard 8- to 20-prong 
octal plugs. Where additional relay protec- 
tion is essential, the plug-in types are avail- 
able in hermetically sealed containers or with 


dust-tight housings and hold-down brackets. 


The AE Class E relay is a miniaturized version of 
the premium-quality Class B, with many of its 
best features. Perfect contact reliability exceed- 
ing 200 million operations is common. 


AE is also equipped to supply wired and 
assembled, custom-built control units, or to 
help you develop complete systems. 


Want details? Just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1702-E on Relays for Industry, and the new 
32-page booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


Circle 136 on page 17 





ELECTRICAL MANUFACTURING 


THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


CONCERNING PRECISION AND 
PHOTOSENSITIVE GLASS 


Pure precision, in any form you like... 
how? With photosensitive glass! 
What could be 


present-day 


more precise than 
photography? What more 
precise than “chemical etching’? which 
works discretely on the molecular level 
and does away with the variables that 
invariably follow such operations as 
grinding, drilling, cutting and engraving? 

What, 


exactly 250,000 holes on a plate only an 


indeed, when we can put 
inch square! Each of the holes can be 
precisely the same as its 249,999 compan- 
ions; they can be square or even triangu- 
lar. A change in size, shape or number of 
holes requires only a change in negative. 

Such precision is not a drawing board 
dream. People are using photosensitive 
glass right now: for fine-mesh 500-line 
screen, for brush holders for digital com- 
puters, for various substrates, for printed 
circuits, for micro-module wafers, for 
attenuator plates, for dielectric spacers 
and for evaporation marks. 

For more details, send the coupon for a 


copy of our bulletin on ForororM® glasses. 


GOOD HOUSEKEEPING 


If you have 2” x 2” light filters, are not 
quite happy with your facilities to store 
them, and would like to correct the 
situation, read on. 

For only ten dollars we offer this com- 
pact kit of four sturdy boxes which were 
just made for holding filters. There’s room 
for eighty filters to rest safely in slotted 
softwood. The boxes are covered in good- 


looking, long-wearing buckram. 


OCTOBER 1959 


If you'd like some fresh filters to put in 
the files, we have a complete set, or any 
part thereof, available. For three hundred 
and sixty dollars we'll send you the com- 
plete set of sixty-seven, including: 

6 ultraviolet-transmitting, clear filters 
6 ultraviolet-transmitting, visible 
absorbing 

7 blue 

7 blue-green 

6 green 
18 sharp cut 

5 yellow 

8 infrared 


4 miscellaneous 


We are not averse to splitting these sets if 
you have specialized wants. We can also 
provide 314” x 61%” squares of those 
same filters, but without the box. 

For more information on both box and 


filters, check the coupon. 


TOO PURE TO TOUCH? 
“AIRLIFT” YOUR PRODUCT. 


Molten metal slips down a chute without 


ever actually touching the chute. 


CORNING MEANS 


wa 


Name 
Company 
Street 


| 
| 
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4 f) CORNING GLASS WORKS 50-10 Crystal St., Corning, N.Y. 


Please rush along: (] Information on color filters [1] Bulletin on FOTOFORM 
Glass [] Data on porous nickel and also 


FROM CORNING 


Film and foil flash by over rollers with- 
out even touching them. 

Tricks like these are accomplished with 
chutes and rollers made from a relatively 
new kind of nickel *—with pores in it. Air 
or some other gas is forced through these 
pores, and a cushion of gas forms to 
gentle products along, without a touch of 


contamination or scratches. 


We make the porous nickel in tubes, 
cylinders, hemicylinders, and flat sheets 
up to 24” long. We add holes or projec- 
tions without secondary finishing. We do 
any machining needed. 

Pores run with a high degree of uni- 
formity in diameters from | to 45 microns, 
depending on space. Yield strength is a 
full 20,000 psi. Maximum working tem- 
perature is 300° C, 

We welcome your questions, your 


specs, your orders. 


*Of course, we realize that nickel is far 
removed from glass, but we figure that 
the people who read “This Is Glass” 
are the very people who will be inter- 
ested in porous nickel. 


GLASS 


Zone State = 





give your ideas OEE: Meditate me 
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grow...and to go 


Don't discard a good design idea simply because it calls for some unique or highly specialized alloy 
that you might consider “impossible”. At least don't give up until you've checked with Carpenter. 
You name it—dimensional control, resistance control, magnetic control—Carpenter offers alloys to 
meet your most critical requirements. 


And don't sweat over a problem six months before you ask for help. No matter how difficult your 
problem, there's an excellent chance that our continuing research and development program has 
already produced information which can save you time and money. 


As a starter... why not write for our new 64-page technical booklet which gives you almost all the 
information you need to know about the World's Most Complete Line of Alloys for Electronic, 
Magnetic and Electrical Applications? The Carpenter Steel Company, 115 W. Bern Street, 
Reading, Pa. 


[arpenter Ssiec. 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N.]. 

Webb Wire Division, New Brunswick, N.]. 

Carpenter Steel of New England, Inc., Bridgeport, Conn, 
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Metal Show * Booth 528 
International Amphitheater 
Chicago * November 2-6 


YOU CAN CUT INVENTORY INVESTMENT OF MECHANICAL TUBING 


If you depend on B&W and your local Steel And when it comes to mechanical tubing, ask 
Service Center . . . because: for B&W Job-Matched Tubing. For infor- 
... your local Steel Service Center main- mation on how this tubing can reduce your 
tains large and diversified mechanical production costs call the local B&W District 
tubing stocks, available to you for im- Sales Office or write for Bul- 
mediate delivery letin TB-352. The Babcock & AMERICAN STEEL 
--- your local Steel Service Center can help Wilcox Company, Tubular x 
you cut handling and storage costs and Products Division, Beaver 
maintain production continuity Falls, Pennsylvania. oenouse teen 


(soy THE BABCOCK & WILCOX COMPANY 
O ssw. 
TUBULAR PRODUCTS DIVISION 


TA-9000-SMI 
Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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THE MODERN TOOL...AT WORK FOR MODERN INDUSTRY 


For all the 
advantages” of 
plastic electrical tape— 


cloth tape... 


...bring your insulating problem 


If you have an insulating problem, your Polyken {to 
representative can probably solve it. He carries a 

line of electrical tapes with a multitude of uses, 

and he knows how they should be used. 


® 
Look in the Yellow Pages of the phone book for 
the Polyken Industrial Tape Distributor nearest O fw Mn 
you. Or write to the Polyken Sales Division, 309 


W. Jackson Blvd., Chicago 6, Illinois. 
ELECTRICAL TAPES 
*Advantages of Polyken polyethylene and vinyl tapes: —.:s <r 


Time-saving - Neater splice THe K EN DA LL comranv 
Conformable - Less bulky 6 
High dielectric strength - Waterproof Polyken Sales Division 
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New Century Electric motor 


starts on 50% 


Here is the answer to power company 
limits on starting current for single phase 
motors .. . a new Century Electric capa- 
citor-start motor with a really low starting 
current. In the 20 hp size the starting cur- 
rent is 220 amps... as low as that for a 
normal 10 hp motor. 


Applications — This capacitor-start, 
capacitor-run motor provides dependable 
starting and operating power for crop dry- 
ers, large irrigation pumps, hay dryers and 
machines started on an open clutch. Be- 
cause of the high cost of running three 
phase power to isolated areas, most utilities 
prefer to supply single phase power . . . and 
this new motor means that users can have 
sufficient single phase horsepower for this 
type of equipment. 


Specifications — You can get this new 
Century Electric motor in 714 to 20 hp 
sizes. It is available in 1200 and 1800 rpm 
speeds at 230 volts. Totally-enclosed, drip- 
proof and explosion-proof enclosures are 
also available. Mounting dimensions are 
shown on the chart below. 


less current 


Design features — Wire insulation on 
the new Century Electric CPF motor is 
vinyl acetal resin . . . slot cell insulation is 
bonded ‘‘Mylar’” . . . combination gives 
tough mechanical protection, high dielec- 
tric strength and resistance to moisture. 
Motor is smooth and quiet running because 
of rigid cast iron frame. Rotor lamination 
is skewed for smooth start and quiet opera- 
tion. High pressure aluminum casting gives 
rotor winding bars high density. Capacitor 
box comes in separate weather-protected 
enclosure . . . means it can be mounted 
conveniently next to control device or 
wherever space can be best utilized. 


For more information on this new ca- 
pacitor motor contact 
your nearest Century 
Electric Sales Office or 
Authorized Distributor. 
For detailed informa- 
tion on motor applica- 
tions write for the new 
Century Electric Motor 
Application Guide .. . 
bulletin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


MOUNTING DIMENSIONS 
for new Century Electric capacitor-start motor. 


TORQUE -CURRENT 


TYPICAL SPEED-TORQUE curves for Century 
Electric Type CPF motor, compared with standard 
Type CP unit of similar capacity. 
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Here is a new“ Plug-in Limit’ switch with yoke 
actuator—the ninth in the famous ‘‘200LS” 
Series. The yoke is adjustable to any position 
on the shaft through 360°, and the operating 
wept Teen head mounts in any of 
: “““ four positions. The new 
206LS1 is a maintained 

contact switch. 


“‘200LS” Series switches 

have found ready ac- 

ceptance as limit 

=! switches for control of 

‘wo* lathe carriages, grinders, 

table feeds, drilling and tapping equipment, 
automated machinery, etc. 


‘Plug-in Limit” switches plug into the terminal 
enclosure like a radio tube and can be replaced 
_in seconds, practically eliminating costly down- 


New “Plug-in Limit” 
»-»- now there are nine 


time. They are rugged, reliable, and completely 
sealed against oil, water, dirt and dust. 


a 


switch 


Contact arrangement is two- 
circuit double-throw. 


Electrical rating is: 10 amps, 
120, 240, 480 vac; % hp, 120 
vac; 1 hp, 240 vac; 0.8 amp, 
115 vdc; 0.4 amp, 230 vde; 0.1 
amp, 550 vdce. Pilot duty 
rating is 600 vac max. Meets 
NEMA Industrial Control 
standards. 


For details of the ‘‘200LS”’ Series, 
write or call the MICRO SWITCH branch 
office or authorized distributor near you. 
Consult the Yellow Pages. 


MICRO SWITCH...FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


Honeywell 
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MICRO SWITCH Precision Switches 
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Uniform, fine-grain Riverside phosphor bronze— 
Flexograin—is made even better through River- 
side’s exclusive continuous-casting process. 


Riverside continuous casting eliminates porosity 
and assures a dense, homogeneous material that 
responds more readily to forming and develops 
uniformly high fatigue properties not attainable 
with ordinary phosphor bronze. 


And Flexograin, being of a naturally finer grain 

structure, maintains the ductility and smoothness 

; of finish that are unattainable with ordinary phos- 
Photomicrographs show com- 


parative grain structure of phor bronze strip. us Good riddance to “Swiss 

ordinary phosphor bronze Send for free Technical Bulletin describing Flexo- Cheese” castings! 

(top) and finer, more uniform grain and its advantagesin your production. Write to nee 
lenagrann. Riverside-Alloy Metal Division, H. K. Porter Company, teatae teisciaatian th aaa 

Inc., Riverside, N. J. proved product quality! 


RIVERSIDE-ALLOY METAL DIVISION H.K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; 

Specialty Alloys--RIVERSIDE-ALLOY METAL DIVISION; Refractories—REFRACTORIES DIVISION; Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD STEEL DIVI- 

SION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY de MEXICO, 
S. A.; and in Canada, Refractories, “Disston” Tools, “Federal” Wires and Cables, “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD 
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RUST-RESISTANT 


SHAFT 


New protective shaft finish resists rusting, 
looks better, lasts longer 


General Electric Form G motors 

feature a special gun-metal-like treat- 

ment of the shaft which resists rust 

and corrosion. Fans, pulleys, and 
couplings are easy 
to remove. Even 
endshield latches 
and hardware now 
are bright plated to 
last longer, look 
better. G-E Form 
G motors assure 
you the extra life 
and easy mainte- 
nance your custom- 
ers want! 
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General Electric 


RELIABILITY 


Lie ale) 
AFTERJ YRS NORMAL OR 
1 YR. HEAVY DUTY SER 
eee eee 
NO REOILING REQUIRED 
OW LIGHT DUTY APPLI 

CATIONS WITH TOTAL 
OPERATING TIME UN 

DER 25.000 HRS USE 

ELECTRIC MOTOR OR 

via 


DO NOT OVER OIL 


ORY ES) a) 10 
MOTOR REMOVE BEARING 
END CAP ON TERMINAL 
END THEN REMOVE 
Ame ee hed 
ea by) eee 


RU 
eI 


Large oil supply and superb retention system 
cut maintenance 


Form G motors require little reoiling 
and on some applications no reoiling 
at all. This results from a 50% 
larger oil reservoir plus a highly 
efficient method of 
retaining oil. (On 
G-E ball bearing 
motors, a_ special 
long-life grease 
gives up to 10 
years’ service with- 
out relubrication.) 
Another good rea- 
son for you _ to 
choose General 
Electric Form G’s! 
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Sturdy, disk-type endshields assure accurate 
bearing alignment 


General Electric Form G’s feature 
disk-type endshields, heavily ribbed 
for high rigidity and long life. 
The rabbet and bearing are placed 
in the same plane 
and machined si- 
multaneously to 
provide inherent 
bearing alignment. 
Form G endshields 
won’t warp! Ac- 
curate, permanent 
alignment means 
longer bearing life 
and dependable 
motor operation. 
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Form G motors 
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Dependable centrifugal switch gives quiet, 
positive snap-action 


The centrifugal switch on Form G’s 
is designed to stand up to heaviest 
demands (3,500,000 test opera- 
tions). Add to this a switch that’s 
quieter than ever. 
A carefully de- 
signed composition 
washer greatly re- 
duces start-stop 
click without sacri- 
ficing positive snap 
action. Here’s an- 
other Form G dif- 
ference that means 
more satisfied cus- 
tomers for you! 
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Washer assembly absorbs thrust from any 
direction; contributes to longer life 


A specially-designed three-piece 
thrust washer assembly, keyed to 
rotate with the shaft, withstands 
normal thrust from any direction, re- 
gardless of motor 
angle. It also acts 
as an oil seal to 
help provide posi- 
tive oil retention, 
contributing to 
longer lubrication 
life and reduced 
maintenance. If 
you’re looking for 
a motor that’s built 
to last, try Form G! 
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THE NEW FORM G “‘EXTRA 
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provide field-proved 


Ua 
STATOR 


Heavy-duty bonding dip and stator clamps 
provide rigid, uniform assembly 


Along with the Mylar*-Formex** in- 
sulation system pioneered by G.E., 
you now get a new bonding treat- 
ment on Form G motor stators. It 
affords added pro- 
tection against 
stress. Stator cores 
> are now specially 
. clamped for highly 
, accurate alignment. 
a These new features 
Me result in extra rigid- 
q ity, more uniform 
quality. Here’s 
longer motor life! 


SS 


a 


> 


—S 


*Reg. trade-mark, DuPont Co. 702-91 
**Reg. trade-mark, G.E. Co 
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CYMEL / BEETLE 


Melamine Urea 


PLASTICS je a 


self-extin 


stance 


high arc resi 


dependable electrical properties under adverse conditions 


excellent abrasion-resistance 


REMEMBERED FOR PERFORMANCE 


Cyanamid Molding Compounds 


CYMEL (glass-filled) Additional distinctive properties: outstanding 

3135-3136 electrical properties; high impact resistance; extraordinary flame 
resistance; good dimensional stability. Typical applications: cir- 
cuit breaker boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 3135 (MMI-30, 
MIL-M-14E, Federal L-M-181 Type 8; ASTM D704-55T Type 8) ; 
Cymel 3136 (MIL-M-19061, MMI-5). 


(asbestos-filled) Additional distinctive properties: resistance to 
atmospheric extremes; high dielectric strength. Typical applica- 
tions: connector plugs; terminal blocks; a/c, automotive and heavy 
duty industrial ignition parts. Specifications: MIL-M-14E MME; 
Federal L-M-181 Type 2; ASTM D704-55T Type 2, SP1 SPEC 
NO. 27025. 

CYMEL (alpha-cellulose-filled) Additional distinctive properties: Surface 

1077 hardness, heat resistance, unlimited color range. Typical applica- 
tions: appliance housings, shaver housings, business machine keys. 
Specifications: MIL-M-14E — Type CMG (in approved colors) ; 
Federal—LM 181 Type 1; ASTM D704-55T Type 1, SP1 SPEC 
NO. 30026. 

CYMEL (wood flour-filled)—CYMEL 1502(alpha cellulose-filled) Additional 

1500 distinctive properties: Good insert retention. Typical applications: 
meter blocks; ignition parts; terminal strips. Specifications: 
Cymel 1500 (MIL-M-14E Type CMG; Federal L-M-181 Type 6; 
ASTM D704-55T Type 6); Cymel 1502 (MIL-M-14E Type CMG; 
Federal L-M-181 Type 7; ASTM D704-55T Type 7). 


BEETLE® (alpha-filled) Additional distinctive properties: Economy of 
UREA fabrication; economy of material; myriad translucent and opaque 
colors. Typical applications: wiring devices; home circuit break- 
ers; tube bases; appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM D705-55, Grade 1 (Arc resistance 
limits are in process of revision by ASTM), SP1 SPEC NO. 27026. 


WRITE FOR COMPLETE TECHNICAL DATA. 


CYANAMID® AMERICAN CYANAMID COMPANY © Plastics and 
Resins Division * 30 Rockefeller Plaza—New York 20, N. Y. Offices in: 
Boston *¢ Charlotte * Chicago * Cincinnati * Cleveland * Dallas * Detroit 
¢ Los Angeles * Minneapolis * New York * Oakland * Philadelphia « St. 
Louis * Seattle. In Canada: Cyanamid of Canada Ltd., Montreal and Toronto. 
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SEND THIS COUPON TODAY 
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Fabricated Metal Products 
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The American Brass Co., Fabricated Metal Goods Div. 
Waterbury 20-A, Connecticut 


Please send me a copy of Publication BG-5 
Name... 
Company 


Street 


THE AMERICAN BRASS COMPANY - FABRICATED METAL GOODS DIVISION, wartesuay 20, conn. 


COST-CUTTING IDEAS THAT PAID OFF 


All the parts shown on the cover of the booklet were 
designed to serve a specific function—at a lower cost. Some 
of them are made from customer-owned tools, specially 
designed to make a better part at a saving in material cost 
and fabricating time. They illustrate only a few of the 
thousands of multiple-plunger and progressive-tool press 
products we supply to every branch of industry—from 
simple eyelets to precision electronic components. 

We offer a complete design-engineering service based on 
long experience and specialized production equipment, 
and often are able to suggest ways and means of using 
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some of our many stock tools to cut your costs still further. 

Perhaps we can develop cost-cutting ideas for you, too. 
The booklet describes and illustrates the range and types of 
parts we fabricate. A sample, drawing or description of a 
part you need to produce at a low cost will give our de- 
signers a chance to work on your cost problems—at no 
obligation to you. 


ANACONDA’ 


MULTIPLE-PLUNGER PRESS PRODUCTS 


19268 
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What types of magnet wire 
can you get from G.E.? 


Here are a few examples of the supply available: round, square, 
and rectangular magnet wires, made from copper, oxygen-free 
copper, or aluminum. 

The list of insulations include: Formex*, Alkenex**, and 
Deltabeston* (asbestos or glass). Also insulations using 
polyurethane, nylon and Teflon films, and asbestos, glass, 
and Dacron glass, with or without silicone, for high-temperature 
applications. 

Many combinations of all these insulation materials are avail- 
able, too, such as double Dacron glass silicone or asbestos 
silicone. What’s more, Butvar film overcoats are provided on 
certain insulations for yoke coils and other preformed coil 
applications. Send coupon for detailed information. 


Why is General Electric the most dependable 


You get G-E product-tested quality. General Electric 


You get EXACTLY what you need. G-E magnet wire 


comes in a broad range of sizes, in all basic shapes, 
and with many types of insulation. This means that 
you can choose a wire that exactly meets the specifica- 
tions for your electrical or electronic product. This 
variety of product types is typical of the entire line 
of G-E wires, cables, and cords made for the original 
equipment manufacturer—the broadest line of such 
products made today. 


magnet wire is made according to the highest possible 
standards, by the most modern, improved processes. 
These magnet wires are identical in every respect— 
design, engineering, and manufacture—to the wire 
used in General Electric’s own high-quality products. 


You get prompt delivery and service. Most G-E 
magnet wire is readily available from regular stocks 
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source of all the magnet wire you need? 


in warehouses located all over America. Special types Mail the coupon now for complete information about 
or unusual sizes can generally be made to order G-E magnet wire, or for other wires, cables, and cords 
quickly in G.E.’s east, west, or mid-west plants. The for the original equipment manufacturer. 

strategic location of these plants and warehouses 


assures dependable, on-time delivery. 
And G-E wire and cable field engineers are always Progress ls Our Most /mportant Product 


nearby, ready to discuss your magnet wire require- 
ments and to provide complete engineering service and G F N E Q A L F L Et C T k j C 
assistance. 


General Electric Company 
Wire and Cable Dept. 
Section W232-1022 
Bridgeport 2, Connecticut 


Please send me complete information about the items 
checked: 


C] G-E magnet wire 
(_] G-E wires, cables, and cords for the following products: 


— 


] My wire problem is attached. What do you suggest? 
ee 
Company 

Address 

EE ee 
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From the shaft 
out through 
the Leland nameplate... 


Single phase — 
copacitor stort, 
induction run 


Polyphase 


... integral horsepower motors by Leland 
offer proven quality. Created and built with the same design flexi- 
bility, quality materials, and inflexibly rigid quality control that 
keep Leland the world’s leader in motors for the petroleum in- 
dustry, where Leland Underwriters’ Listed fractionals and inte- 
grals outsell all others combined. Here are several of many 
reasons why specifying Leland integrals for almost any use 
means specifying lifetime satisfaction. 


THE LELAND ELECTRIC COMPANY 
Dayton 1, Ohio 


Division of American Machine & Foundry Company 
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1. FULL-STRENGTH PROTEC- 
TIVE EXTERIOR—one-piece cast 
iron center frame with double- 
supported base mounting pads— 
super-rigid throughout. Cast 
iron end-frames carefully ma- 
chined provide absolute bearing 
support and alignment, and es- 
tablish uniform air-gap. 


2. BEARINGS-— Oversize, double- 
shielded, with high radial and 
thrust capacity—pre-lubricated. 


3. ROTOR ASSEMBLY -— virtu- 
ally indestructible, solid pres- 
sure cast aluminum, integrally 
cast double fans, shafts ground 
all over. Skewed rotor slots and 
controlled balance for quiet, vi- 
brationless power. 


4. STATOR ASSEMBLY —a su- 
perior electrical and mechanical 
construction. Pressure stacked 
core of uniformly punched and 
scientifically annealed lamina- 
tions gives superior magnetic 
characteristics. Cuffed, lami- 
nated mylar slot insulators, plus 
slot feeder insulator, protects in- 
sertion of heavy formvar insu- 
lated copper windings, then 
secured with waxed maple pegs. 
Inter-phase protective insulation 
and sleeved lead stubs are all 
double linen cord laced; finally 
the entire assembly is pre-heated 
and double dipped and baked in 
synthetic insulating varnish. 


5. CONDUIT BOXES-—Large 
capacity, diagonally split box 
makes easy connections a cinch 
on polyphase motors. Single 
phase units further provide a 
convenient terminal board plus 
ready access to capacitors or 
thermal—all in an ample cast 
iron box. Either type mounts up, 
down, right, or left. 


For more information, con- 
tact our representatives in all 
principal cities, or write or wire 
us direct. 
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AIR BREAK 
HEART 


Faster Arc Suppression 
New blowout design. 
Novel arc chutes are 
molded from an arc 

resistant material. 


Pes 


Double Break Contacts 


Silver alloy contacts 
never need maintenance. Only One Moving Part 


Vertical motion assures Simple solenoid design 
uniform contact eliminates trouble-causing 


pressures. pins, pivots, and 
flexible jumpers. 


A-B High Voltage 


Starter with Air 
Break Contactor — 
Bulletin 1159 high volt- 


age air break, across- 


the-line induction 
motor starter in NEMA 
Type | enclosure. All 
Allen-Bradley high 


voltage starters are Member of NEMA 
equipped with current 


limiting fuses with in- a 

terrupting capacities Quali a Motor Control 
of 150,000 kva at 

2300 v; 250,000 kva 

at 4600 v. Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont 





AUTOMATION BEGINS HERE 


... Insist on Allen-Bradley accessories 
for continuous automatic production 


In this broad line of Allen-Bradley 
accessories, each and every unit car- 
ries the traditional A-B trademark 
of quality that stands for trouble 
free operation. Rugged construc- 
tion, and maintenance free, silver 
alloy contacts provide the reliability 
that is essential to the continuous 
operation of your automatic produc- 
tion machines. 

Profit from the experience of the 
leading machine tool builders. . . in- 
sist on Allen-Bradley quality motor 
control all the way! 


Special push button panels can be assembled to your specifications. 


OILTIGHT LIMIT SWITCHES PRECISION LIMIT SWITCH OILTIGHT CONTROL UNITS OILTIGHT CONTROL STATIONS 
Bulletin 802T with sealed heads Bulletin 802 oiltight. Responds Bulletin 800T. Choice of push Bulletin 800T for up to 16 units 
and bodies. Various operators. to very small operator travel. buttons, lights, and switches. in die cast aluminum enclosure. 


ef 


PNEUMATIC TIMERS OILTIGHT PRESSURE CONTROL STANDARD DUTY PUSH BUTTONS FOOT SWITCH 
Bulletin 849. Reliable and accu- Bulletin 836. For hydraulic sys- Bulletin 800. Up to three units, Bulletin 805. In rugged die cast 
rate. For on-delay or off-delay. tems with pressures to 5000 psi. also pilot lights and switches. housing for toughest service. 


ALLEN-BRADLEY J torce’ 


Member of NEMA CON TROL 
Allen-Bradley Co., 1316S. Second St., Milwaukee 4, Wis 
In Canada: Allen-Bradley Canada Ltd., Galt. Ont 
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TYPE SAF 
Ball or Spherical Roller 
Bearing Pillow Block 


TYPE SDAF 
Heavy-duty 
Pillow Block 


TYPE SY 
OTT ae Flim sl-r lata -4 
Pillow Block 


Most pillow blocks offer easy assembly and rugged 
housings. But can they offer you low friction, self- 
aligning bearing operation and efficient sealing as well? 

They can—if they're the S&&f pillow blocks, and 
flanged mounting, shown here. Type SAF, for example, 
comes equipped with low-friction ball or spherical 
roller bearings that are inherently self aligning. And 
these bearings are effectively protected by Triple-Seal 


creer eereee eee eeeeeeeeeeeeeeeeeeeeeeeeeeeees 


Can you get 
these “special” 
qualities in 
“standard” 
pillow blocks? 


TYPE FY 
Unit Ball Bearing 
Flanged Mounting 


rotating rings. Abrasives and corrosives can’t get to 
them—oil or grease can’t drip out. 

Yet this isa standard SSF pillow block, that is com- 
petitively priced in spite of its combination of extra 
features. We make it for shaft sizes from %4” to 1014”, 
for mounting directly or with an adapter. A cast steel 
housing (SAFS) is available for heavy duty applications. 

For details, call one of our twenty-four offices, 5938 


we & O = 5KF 


Spherical, Cylindrical, Ball, “Tyson Tapered and REED Miniature Bearings 


ecoeoeeeeereeeeeeeeeeeeeeee 
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S&F INDUSTRIES. INC.. PHILADELPHIA 32. PA 


"REG. U.S. PAT. OFF 
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These 
2 UNITS 
are the basis 
fora Complete System 
: pt relays 


CLASS 8501 
TYPE DO-22 


Here’s why designers and 
users alike prefer Square D... 


Complete selection ¢« Relays available for 

“both AC and DC systems—with up to 10 con- 
tacts—in both electrically and mechanically 
held forms. Timing relays with intervals from 
0.2 second to 3.0 minutes—also in AC and 
DC versions. 


, Require less panel space « Relays are only 

* 3" wide, range in height from 34” to 5".Timers 

are just 2%" x 4%6" or 22" x 7°". Mechani- 

cally held relays require no extra panel space. 

No mounting problems « All Type D relays 

and Type A timers have identical mounting 

hole dimensions. 

Easy wiring ¢ Choose either pressure wire connectors or 
slip-on connectors for all terminals. 

Long life « Balanced construction reduces wear on single 


moving part. Epoxy-resin molded coil operates cooler, vir- 
tually eliminates coil burnout. 


SQUARE J) COMPANY 
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Square D svzw-aevens Relays 


Easy-to-use attachment converts DC relays have mounting dimensions 
Square D Type D relays available any Type D relay to mechanically held and contact arrangements 
with up to 10 contacts with no increase in panel space identical to AC relays 


Timing relays have same mounting 
dimensions as Type D relays 


Both AC and DC versions convertible 
: from on-delay to off-delay, using 
Matching DC timing relays only a screwdriver 


FAMILY FEATURES SIMPLIFY DESIGN PROBLEMS 


Disassembly from 
front in 20 seconds, 
makes Square D 
Type D relays easi- 
est to maintain 


Mounting dimensions are identical Slip-on connectors 
for Type A timers and Type D relays 

\ 

\ 


for all terminals available 
\ 
\ 

| 


Write for full details « Ask for Bulletin D, Square D Company, 4041 N. Richards St,, Milwaukee 12, Wis. 


\ 
\ Square D offers the broadest line of relays, starters and accessories for all types of contro! systems 
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Proper brush eliminates trouble! 


High speed testing device 
lasts 500% longer with 


Commutator burn-outs slowed 

development of this high speed 

spinner for testing and balanc- 

ing wheels. This was a spe- 

cialized application, says 

r¢ ‘‘National’’ Carbon Brush Man, 

SOU G1ES John Gibb. He worked with the 

customer to apply a brush grade best suited for 

the job. A more versatile brush was needed to cope 
with widely fluctuating loads. 


TIONAL brushes 


TRADE-MARK 


The choice: “National” Brush Grade F-72, 
The result: up to 500% longer life. 

It’s never too early to call in your “National” 
Carbon Brush Man. His specialized knowledge — 
and “National” long-term brush development — 
may be just what you need to speed product 
development. 

Call your local “‘National’” office or write to 
National Carbon Company, Division of Union 
Carbide Corporation, 30 E. 42nd St., N. Y. 17, N. Y. 


“National”, ‘‘N"”’ and Shield Device, and “Union Carbide’”’ are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY « Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. SS 
OFFICES: Atlanta, Chicago, Dallas, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * CANADA: Union Carbide Canada Limited, Toronto 
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213,149,373 
AV (ots 


Test proves reliability of P&B’s LS telephone type relay 


These 16 LS relays, wired into a self-cycling chain, each operated 213,149,873 
times before the test was discontinued. This test was made for a nationally 
prominent manufacturer and the certified results are available upon request. 

Here is proof of the inherent reliability of P&B telephone type relays... 
and of the kind of performance you can expect when you specify them. LS 
relays are available with up to 20 springs (10 per stack) and are adaptable for 
printed circuit mounting. 

Whenever multiple switching of loads up to 4 amperes is required, the LS 
can usually meet space, weight and—importantly—price considerations. Get 
full information today by calling or writing Zeke R. Smith, vice president, 
Engineering, or contact your nearest P&B representative. 


LS ENGINEERING DATA 
COIL: 


Resistance: 55,000 ohms max. 


GENERAL: 


Breakdown Voltage: 1,000 volts rms 60 cy. 
min. between all elements. 

Ambient Temperature: —55 to +85 C, 

Weight: 3 to 4 oz. 

Dimensions: 1%" W. x 2%" L. x 1%" H. 
(4 Form C) 

Enclosures: Sealed or dust cover (W can) 
Sealed or dust cover, up to 6 Form C, 
single contacts (D can) 

Mountings: Four #6-32 tapped holes %” x 
46" 0.c, Other mountings available. 


CONTACTS: 


Arrangements: 20 springs (10 per stack) max. 
Material: 44" dia. twin palladium. Other ma- 
terials available for specific appli- 
cations. 

4 amps @ 115 volts 60 cy. resistive. 


Power: 65 mw DC per movable standard 
(50 mw possible); 3.5 watts max. at 
ao G. 


Voltage: Up to 200 volts DC. 


TERMINALS: 
Contacts: Three #18 AWG wires. 
Coil: Three #20 AWG wires. 


Available with octal plug, taper tabs or printed 
circuit pins. 


PaB STANDARD RELAYS ARE AVAILABLE AT 


Load: YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


TS RELAY 


Short coil relay is available 
in AC and DC versions. Long 
life construction. Can be sup- 
plied (DC) with up to 20 
springs (10 per stack). 


GS RELAY 


Excellent sensitivity: 50 mw 
per movable arm minimum 
(DC). For applications re- 
quiring many switching ele- 
ments in small space. 


BS RELAY 


Long coil provides high sen- 
sitivity (25 mw per movable 
arm) and room for slugs for 
pull-in delays (150 milli- 
seconds max.) or drop-out 
delays (600 milliseconds 
max.). 


COCO THOTESESEEEHEEESESESEEE OOOO SSESES 


FREE 
LS DETERMINATION DATA 


Send today for booklet con- 
-taining certified results 

of recent test described above 
Data includes test circuit, 
interim and final measurements. 


. 
POCO O OOOH EEE ESSE SEES ESSE SESE OES EOESEO OSES EEOSEEEEEOD 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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PROFIT INSURANCE 
with J&L Stainless Steel Bars 


Your machining costs on stainless steel bars are part of 
your investment for profit. Add your costs for tooling, handling 
and polishing, and you multiply your investment, often many 
times over. 


. . . . ‘ ‘ Careful attention to every production detail is th i 
Scrapping a single bar wipes out that investment—and with it Se 


most of your profit on a large volume of finished goods. 


Every step taken to reduce rejects helps insure profits! 
The biggest step you can take in that direction is to specify J&L 
Consistent Quality on all orders for stainless steel. 


J&L leads the industry in melt shop standards for stainless steel 
—the point where quality starts, and your profit insurance begins. 


K Plants and Service Centers: STAI e LE SS 


Los Angeles * Kenilworth (N. J.) * Youngstown « Louisville (Ohio) + Indianapolis + Detroit SHEET + STRIP + BAR * WIRE 


Jones & Laughlin Steel Corporation ¢ STAINLESS and STRIP DIVISION ° Box 4606, Detroit 34 
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When requirements are rugged: 


only Weston 


RUGGEDIZED 


Instruments 
are SO 
consistently 


Sure, lots of instruments are offered for use under rough 
conditions. But how many make the grade? How many 
can you count on to give consistently dependable service 
over the years? And how many manufacturers provide a 
line of such instruments broad enough to satisfy a wide 
range of applications? 

ONLY WESTON! Yes, not only does the Weston 
Ruggedized Line conform to the broadest range of MIL 
specs ... it delivers the stability, accuracy and near-in- 
vulnerability that the most finicky user requires. 


LOOK AT THESE NEW FEATURES! 


Sturdy new plastic windows and advanced case design 
permit the use of practical zero correctors in all models. 
And the well-known Weston Ruggedized Instruments 
have now been expanded to include 250° scale instru- 
ments, with improved accuracy and legibility. Together 
with Weston exclusive up-front scales, this insures the 
utmost in readability. These features, and those listed at 
the right, are the reasons for the high recognition Weston 
Ruggedized Instruments have earned. 

For full information, contact your local Weston sales 
office . . . or write to Daystrom-Weston Sales Division, 
Newark 12, N. J. Jn Canada: Daystrom Ltd., 840 Cale- 
donia Rd., Toronto 19, Ont. Export: Daystrom Int’'l., 100 
Empire St., Newark 12, N. J. 


WESTON 


iteumetilar 


[ A DAYSTROM UNIT 


ALL Weston ruggedized instruments 
offer ALL these advantages: 


Dependable service, even under extremes of 
shock, vibration, temperature, humidity and 
general abuse. 


e Highest ratio of scale area to casing size. 


Mechanisms feature spring-backed jewel con- 
struction. Internal shock mounting plates are 
integrally molded and bonded to cases in spe- 
cially compounded rubber. 


Rigid steel housings provide excellent shield- 
ing against external magnetic fields. Instru- 
ments may be mounted interchangeably on 
magnetic or non-magnetic panels. 


In the 250°-scale Model 1539, accuracy is 
available to within +1% of full scale range. 


New cases with sturdy plastic windows per- 
mit use of practical zero correctors. 


WORLD LEADER IN MEASUREMENT AND CONTROL 
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SPS RELIABILITY 


A dynamic standard of predictable performance 


The big change is in the threads 


Crest of internal Thread im 
Crest of Internal Thread 
Root Radius of Unbrako Hi-Life 
Root of Conventional Cap Screw Thread 
Cap Screw Thread _ 
WwW 


COMPARE THESE PHOTOELASTIC STUDIES 


OLD THREAD ROOT FORM has sharp corners which cause high stress NEW UNBRAKO HI-LIFE THREAD ROOT has large, smooth radius 
concentration and reduce fastener fatigue life. which distributes stresses, thereby increasing fastener fatigue life. 


At no increase in cost, e Up to 100% greater fatigue life 
new UNBRAKO Hi-Life socket e Increased tensile strength capacity 
head cap screws offer e Additional life insurance for your product 


COMPARE THE THREAD ROOT FORMS in the drawing at left. The bottom line 

indicates the old thread root form. Note the flat roots with sharp corners where 

cracks start. The top line indicates the new thread root form of UNBRAKO 

New Hi-Life socket cap screws. Note the smooth, flowing curve that dissipates 

GRAND ChANs stresses. In addition to increasing fastener fatigue life up to 100%, the larger 

es body cross section provides greater tensile strength, permitting the application 
of greater preloads. 


And there is no waiting for the bonuses you get from new 
UNBRAKO Hi-Life socket cap screws. SPS distributors are now 
stocking these new precision fasteners with the improved 

OLD THREAD ROOT FORM thread root form, evolved through research on high-strength 
fasteners. Fatigue life of improved UNBRAKOs can increase 
the reliability of your product. 


For more information, ask your nearest authorized SPS indus- 
trial distributor for a copy of Bulletin 2577. Or write SPS— 
manufacturer of precision threaded industrial fasteners and 
allied products in many metals, including titanium. 


INDUSTRIAL FASTENER Division Sms 


JENKINTOWN 9, PENNSYLVANIA 
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Impregnation with RTV 
silicone rubber provides 
top performance at 
250°C for this Hughes 
Aircraft Co. transformer. 
Other materials failed 
due to such factors as 
inadequate high tem- 
perature resistance and 
incomplete impregnation 
of tightly wound coils. 
G-E RTV compounds 
proved successful for coil 
impregnation as well as 
complete encapsulation. 
Good heat transfer, out- 
standing heat resistance 
made possible a more 
compact, efficient high 
temperature unit. 


Added protection, easier application 


with General Electric RTV silicone rubber insulation 


Outstanding heat resistance and electrical properties combined with room temperature cure 


New resilient, shock-absorbent RTV Protection from high altitude arc-over and Extended service life for motors through 
sponge offers improved shock and corona is provided for this cathode ray tube RTV encapsulation of stator windings, 
vibration protection at elevated tem- by encapsulating all lead wires with RTV introduced by General Electric motor 
peratures; permits easier fabrication (room temperature vulcanizing) silicone rub- departments. RTV’s resistance to mois- 
than previous methods of cutting, ber. Designed for airborne operation and _ ture and other contaminants enables these 
inserting and sealing sponge in place. _ installed in a non-pressurized section of the dripproof motors to meet certain applica- 
With RTV, just add sponging and aircraft, tube is protected from arc-over and _ tions formerly requiring totally enclosed 
curing agents to compound and mix. _ corona at altitudes up to 70,000 feet. units. RTV has low viscosity, rapid cure. 


For application data and samples of General Electric RTV silicone rubber, write General 
Electric Company, Silicone Products Department, Section K108 Waterford, New York 


GENERAL @ ELECTRIC 


Silicone Products Department, Waterford, New York 
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‘with contact load of 250 volt-amperes. 


NEVER WEAR OUT 


Longevity is built into these relays. The basic magnetic 
switch is sealed in a glass capsule filled with pressurized 
hydrogen. With every make and break the mercury-film 
contact surface is renewed... by capillary action, like 
a lamp wick. These contacts never get dirty, never lock 
or weld and NEVER WEAR OUT. 


NEVER CHATTER OR BOUNCE 


Contact closure between the two liquid surfaces bridges 
any mechanical chatter and prevents its appearing in the 
electrical output. (a) Filament of mercury forms between 
the contacts as they separate. (b) This becomes nar- 
rower in cross section and (c) finally parts at two points, 
allowing a globule of mercury to fall out. (d) The ex- 
tremely fast break minimizes the arc and adds greatly 
to contact load capacity. 


MAINTENANCE 
REQUIRED 


HG Relay cutaway to show mag- HGS Relay cutaway to show HG6F Relay printed circuit panel 
netic switch surrounded by oper- biasing magnets attached to showing six in-line mercury- 
ating coil and encased in a metal the ends of the side plates. wetted contact switches mounted 
housing. in minimum space. 


With all working parts sealed and switches and coils enclosed in metal 
housings, these relays are tamper-proof and always in constant adjust- 
ment. They require no maintenance whatsoever. 
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A FULL LINE OF THE MOST RELIABLE, 
MOST DURABLE RELAYS EVER MADE 


single form D 
Type HG. Capable of up to 100 
operations a second. Load- 
handling capacity to 5 am- 
peres and up to 500 volts. (250 
va max. with proper contact 
protection.) 


single form D 
Type HGP. Can be factory ad- 
justed to provide single side- 
stable, bi-stable or chopper 
characteristics. 


two or three form D 


Types HG2 and HG3. Two orthree 

form D Switches enclosed in a 
single housing. HG2 has 8 or 11- 
pin octal style plug. An 11-pin 
base is standard for HG3. 


single form D 
Type HGS. Biased with per- 
manent magnets. Speed up 
to 200 cps. Sensitivity as low 
as +2.5 milliwatts. Handles 
up to 2 amperes, up to 500 
volts (100 va max. with proper 
contact protection.) 


six in-line 
flat pack 


Type HG6F. Six switches 
mounted in line on printed 
circuit panel surrounded by 
single coll. Flat, compact as- 
sembly. Over-all dimensions: 
3.640” x 3.125” x 1.046”. Uses 


standard 32 or 36 terminal 


printed circuit socket. 


four form D 


Type HG4. Four form D 
switches enclosed in a single 
housing with coil. Plug-in as- 
sembly (shown) is standard. 
Other mountings available. 


For complete information on CLARE Mercury-Wetted Contact Relays or on 
the entire CLARE line of superior relays and electronic components address: 
C. P. Clare & Co., 3101 Pratt Blvd., Chicago 45, Illinois. In Canada: C. P. 
Clare Limited, P. O. Box 73, 2700 Jane Street, Downsview, Ontario. Cable 
Address: CLARELAY. 


CLARE RELAYS 


FIRST in the Industrial Field 
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Y% HP Heavy 
Duty Router 


#63 Heavy Duty 
: m Portable Saw 


~ 
GPS 
» 


Heavy Duty Orbital Sander 


Heavy Duty 
Automatic Polisher 


7” Standard Sander 


Feather Edger 


5” Portable Grinder 


ES 


help give BLACK & DECKER 
INDUSTRIAL TOOLS 
power, long life, 


maintenance-free service 


For more than forty years Black & Decker electric tools have 
been recognized by users as the most dependable and adequate 
tools of their kind. This reputation has been earned through 
rigid quality control, intensive research, testing and design 
engineering. To help make these tools first in performance and 
quality the world over, Black & Decker specify 

USG motor brushes. (Some of the industrial electric tool 


applications are pictured here.) 


United States Graphite Company (USG) brushes are giving 
excellent service not only in Black & Decker products, but also 
in hundreds of installations, large and small, throughout 
industry. Because the brushes in any electric powered unit are 
so vital to the long life, power and maintenance-free 

service of that unit, it pays to specify USG brushes 

of carbon, carbon-graphite, electro-graphite, graphite, 


metal graphite or silver graphite. 


Write for catalog B-56 and the USG 
grade list. Most of the information 
necessary to design engineers is con- 
tained in these two books. 


B-246-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8 MICHIGAN 
GRAPHITAR® canpon-crapnite © GRAMIX® powneR METALLURGY ©MEXICAN® crapnite proovets © USK? Brusnes 
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Clutches 
here... 








Fawick CB Airflex Clutch and Brake provide 
required accuracy for operation of center 
drive shaft of Wickes Crankpin Lathe. Main 
drive power supplied by a 40 h.p. DC motor. 


help full automation HERE! 


Automated machines require three basic characteristics in 
their operating components—and particularly in their clutches 
and brakes. 


First, they must provide instant response to electric or 
electronic controls, with full-power torque output for all work 
done by the machine. 


Second, they must produce shock-free precision starts and 
stops for accurate cycling of the machine and the work. 


Third, they must provide long maintenance-free operating 
life with automatic adjustment for operating wear. 


For these and other inherent advantages, FAwick Airflex 
Clutches and Brakes are used on Wickes MX-4 Crankpin 
Lathes. This outstanding full-automatic multi-stage machine 
is used to turn crankpins, and to “‘cheek”’ counterweights to 
the shoulder diameter of crankpins—with both operations 
carried out simultaneously on two crankshafts. 

FAWICK Airflex products can improve your machine per- 
formance. For full information on the advantages they offer 
call or write your nearest FAWICK representative or the Home 
Office, Cleveland, Ohio. 


Wickes Model MX-4 Crankpin Lathe is used for auto- 
matic turning of crankpins, and “cheeking” of counter- 
weights in simultaneous machining of two crankshafts. 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 
9919 CLINTON ROAD «+ CLEVELAND 11, OHIO 
Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 


FEN TOG 


oe AIPRFLEX 


INDUSTRIAL CLUTCHES AND BRAKES 
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SMALL A.C. MOTORS 


Consider the many advantages of using precision miniature a.c. motors. 
Output performance equals that of larger conventional motors—so you can 
offer smaller, lighter, more compact designs than your competitor. And you 
can offer superb reliability. When you design around precision miniature 
motors, their price in quantity is competitive with larger ordinary motors. 
Globe is the largest precision miniature motor specialist and is working with 
people like you right now to gain these benefits. 


Get in touch with Globe early in the design stage. Very probably Globe has 
already made a motor close to your requirements. You'll receive a recom- 
mendation for your specific job, and get custom prototypes promptly. 


Globe’s induction and hysteresis-synchronous a.c. motors provide up to 
4.5 oz. in. of torque—up to 200 in. Ibs. with a planetary gear reducer! Sizes 
start at one inch in diameter, and can include such special features as integral 
brakes, clutches, speed reducers, etc. Please request Bulletin ACM. GLOBE 
INDUSTRIES, INC., 1784 Stanley Avenue, Dayton 4, Ohio. BAldwin 2-3741. 


GLOBE INDUSTRIES, INC. GLOBE 


PRECISION MINIATURE A.C @ oO. MOTOR ACTUATORS 
TIMERS GYROS STEPPERS BLOWERS MOTORIZED DEVICES 
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DISTRIBUTORS 


Earl B. Beach Co., Pittsburgh, Pa. 
Phila. (Clifton Heights) Pa. 


Brooks Electrical Supply Co., Inc., Baltimore, Md. 


John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Sales Co., Rutherford, N. J., 


Electrical Insulation Suppliers, Inc., Atlanta, Ga. 


Electric Motor Supply Company, Denver, Colo. 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp. 

Chicago, III. Cleveland, O. 


Dayton, O. Milwaukee, Wis. 


Detroit, Mich. Pittsburgh, Pa. 

J. F. Kerrigan & Co.,, Hamden, Conn. 
C. D. LaMoree, Los Angeles & Berkeley, Calif. 
Punt, Inc., Floral Park, N. Y 
C. E. Riggs, Inc., Portland, Ore., Seottle, Wash. 
J. P. Scanlon, Rochester, N. Y. 
Summers Electric Co., Inc., Dallas, Houston, 

San Antonio, Austin, Texas 
White Supply Company, St. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N. Y 


OCTOBER 1959 


the quality name for 


resinous 
tapes 


V artex resinous tapes, having excep- 
tional elongation properties, are well 
suited for taping, harnessing irregular 
surfaces, bus bars and lead wires. These 
tapes have excellent physical properties, 
high dielectric strength, and are not af- 
fected by acids, oils or grease. They have 
unusual ability to heat seal upon them- 
selves and will not support combustion. 


CAN BE HEAT SEALED IN 4 MINUTES AT 400°F. 


Complete test data available on request 
Agents in all principal cities 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 
WOODBRIDGE, N. J. 


“VARSLOT" Combination Siot Insulation: —— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and “‘Mylar'’* Polyester Film 
Asbestos Paper and ‘‘Mylar'’* Polyester Film 
Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “Mylar'’* Polyester Film 
“VARSIL" Silicone Varnished “Fiberglas"'t Vartex Varnished “Fiberglas’’? and 
Cloth and Tapes “Mylar'’* Polyester Film 

Special combinations available upon request 


Varnished Cambric Cloth and Tapes 

Varnished “Fiberglas"’t Cloth and Tapes 
Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 
Cable Wrapping Tapes 


* Mylor, Ou Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
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MAGNET WIRE 
CLASS B | 
MAGNET WIRE son ee MAGNET WIRE 


CLASSA B" ygemneF CLASS -F 
/05°C__ | SODEROW® [55°C 


(LiM/TED) 


RANGE RANGE 


se THERMALEXF 
PLAIN EWAMEL 
FORMVAR 


NYFORM 
SODEREX ° 


" TUERMALEX-E 


The right insulation 
for every application 
with Essex Film-Coated Magnet Wire 


Write for the new data and samples ras 
available on all-purpose Thermalex-F® 


MAGNET WIRE DIVISION 


ESSEX WIRE CORPORATION 


Fort Wayne, Indiana Manufacturing Plants: Anaheim, Calif.; Fort Wayne, Ind.; and Hillsdale, Mich. 


National Network of Warehouses and Sales Offices...Cal/l your local ‘Essex Man.” 
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Canadian General Electric Co., Ltd. 


New streamlined transformers, molded in 
Epon resins, have superior insulation 

and dielectric strength. Accuracy and 
over-all performance are greatly improved. 


Good-All Electric Manufacturing Co. 


New Epon resin-molded 600 UE capacitors 
have superior moisture resistance. Offer 
rugged, trouble-free performance because 
Epon resin assures high dielectric strength, 
low leakage. 


for potting, molding, sealing, encapsulating 


Switcu TO EPON resin-based com- 
pounds for potting, molding, sealing, 
and encapsulating to upgrade the per- 
formance of your electrical or elec- 
tronic units . . . cut costs through 
design simplification. 

Why? Because the excellent physi- 
cal properties of Epon resins eliminate 
the need for conventional containers 
and housings. Size, weight, and com- 


plexity of components are reduced. 


To lower costs and speed up pro- 
duction, manufacturers have moved 
in the direction of automation. In the 
new mixing, metering and dispensing 
equipment, even the most heavily 
filled Epon resin formulations can be 
used for high-volume, rapid-curing 
potting, encapsulating, and sealing 
operations. 


Epon resins can be adapted to a 
wide variety of formulations designed 
to meet your specific needs. Write now 
for full information including a list of 
suppliers of Epon resin-based formu- 
lations and manufacturers of auto- 
matic mixing, metering, and dispens- 
ing equipment. 


SHELL CHEMICAL CORPORATION 
50 West 50th St., New York 20, N.Y. 


SHELL CHEMICAL CORPORATION 


PLASTICS AND RESINS DIVISION 


Central District East Centra 
6054 West Touhy 1578 Union ¢ 


Chicago 48, Illinois Cleve 
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District 
mmerce Bidg, 

and 14, Ohio 

IN CANADA; Chemical Division, Shell Oil Company 


Eastern District 
5 West SOth treet 
New York 20, New York 


f Canada, Limite 


J, Toronto 
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Cohlife70* 


fixed composition RESISTORS 


1/e-, 1- and 2-watt sizes 


The resistors that are setting 

today’s higher performance standards! 
Unmatched for load life and moisture 
resistance. They're approved resistors 
—from a MIL-R-11 approved manufacturer. 
And now, for the first time, you can 

get such resistors in a complete line 

of RC-42 (2-watt); RC-32 (1-watt) 

and RC-20 (1/4-watt) types from stock 
from leading distributors! 


yA 
ed 
ay 


UU 
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at lowest prices in lots up to 1,000 of a value 


in any standard value or tolerance 


for small runs, for production emergencies, 
for military prototypes and for hurry-up 
design and engineering projects. 


FROM STOCK . . . from these selected STACKPOLE distributors: 


BALTIMORE, MD. 

Kann-Ellert Electronics, Inc. 
BATTLE CREEK, MICH. 

Electronic Supply Corp. 
BIRMINGHAM, ALA. 

MG Electrical Supply Co. 
BOSTON, MASS. 

Sager Electrical Supply 
BROOKLYN, N. Y. 

Electronic Equipment Corp. 
CLEVELAND, OHIO 

Pioneer Electronic Supply Co. 


DALLAS, TEXAS 


Wholesale Electronics Supply Co. 


DAYTON, OHIO 


Srepco, inc. 


DENVER, COLO. 


Denver Electronics Supply Co. 


GLENDALE, CALIF. 
R. V. Weatherford Company 


INDIANAPOLIS, INDIANA 
Radio Distg. Co. 

KANSAS CITY, MO. 
Burstein-Applebee Co. 

MELBOURNE, FLORIDA 
Electronic Supply 

MIAMI, FLORIDA 
Electronic Supply 

NEW YORK, N. Y. 
Harvey Radio Co. 


PHILADELPHIA, PA. 
Almo Radio Co. 


SAN DIEGO, CALIF. 

Radio Parts Co. 
SCRANTON, PA 

Fred P. Pursell 
SEATTLE, WASH. 

C & G Radio Supply Co. 
ST. LOUIS, MO. 

Interstate Supply Co. 
SYRACUSE, N. Y. 

Morris Electronics of Syracuse 
TACOMA, WASH. 

C & G Radio Supply Co. 
WASHINGTON, D. C. 


Electronic Wholesalers, Inc. 


WATERBURY, CONN. 
Bond Radio Supply Co. Inc. 
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WEST PALM BEACH, FLA. 
Goddard Distributors, Inc. 


WICHITA, KANSAS 


Interstate Electronic Sup. Corp. 


WILBRAHAM, MASS. 


Industrial Components Corp. 


WINSTON-SALEM, N. C. 
Daliton-Hege Radio Supply 


... and G-C/STACKPOLE, TOO! 


Attractively packaged by G-C 
Electronics for service replace- 
ment uses, Coldite 70+ Resis- 
tors are also available through 
over 800 G-C distributors. 
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PRODUCT-DESIGN BRIEFS FROM 


DENBO ENGINEERING & SALES CO., INC. 


Breezy brainwork 
Q. What’s missing from this blower wheel? 


A. The ring that you’d expect to see steady- 
ing the blades at the far end. 


Who forgot it? Nobody. In this wheel 
it’s superfluous. Without the ring, air en- 
ters the wheel more freely. There’s more 
working blade area. Air flow can be modi- 
fied at the factory, without retooling, sim- 
ply by shortening the blades. 

You can’t make a wheel like this out of 
metal—not at a marketable price, anyway. 
But a general-purpose Durez phenolic 
works fine. 

Concentricity is molded in. Wobble is 
much less than could be achieved econom- 
ically in a metal wheel. The wafer-edged 
blades are rigid enough to do without tip 
support. They can’t be bent in shipment 
or in assembling the blower into any ap- 
pliance of which it is a part. The wheel 
withstands moisture and mild corrosive 
atmospheres; retains its shape through the 
range of temperatures at which it will 
operate. 

You don’t make blower wheels? All 
right. We’re happy if we have implanted 
an idea for anything you might construct 
better or more cheaply with a Durez gen- 
eral-purpose phenolic. For still more ideas 
on where and how to apply these durable, 
versatile materials, send in the coupon re- 
questing Bulletin D400. 


Vandalproof 


Big-city switchblade artists used to rip the 
stuffings out of upholstered bus seats—to 
the tune of $100,000 a year in damage. 

Then city transit authorities ordered 
330 new buses with glass-reinforced plastic 
seats like the ones you see here. Made with 
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®@ a phenolic that simplities 
® plastic that foils vandals 
® resins that bind 


tough, fire-retardant Hetron® polyester, 
these seats can’t be slashed, defy destruc- 
tion. 

They cost less to make than upholstered 
seats. And the passengers like them better 
—voted overwhelmingly in favor of them 
in rider reaction tests. 

Now transit officials plan to replace all 
the city’s buses with vehicles featuring 
these vandalproof seats. 


AMERICAN 
SEATING COMPANY 


Where can you see a market for strong 
reinforced-plastic shapes that retard fire? 
There’s a whole family of Hetron resins 
to help you do your visualizing. Hetron is 
inherently self-extinguishing—gives fire re- 
tardance with no loss of mechanical 
strength. Heat resistance, moisture resist- 
ance, electrical properties of Hetron lami- 
nates and premix-molded shapes are out- 
standing. 

To get a better idea of what you can do 
with these fire-retardant resins, use the 
coupon to request the complete Hetron 
data file. 


For more information on the Durez materials mentioned above, check here: 

() 8-page Bulletin D400 lists properties, uses, design advantages of general- 
purpose Durez phenolics and other thermosetting materials. 

() Data file (SOA) on Hetron fire-retardant polyester resins. 

(J Industrial applications of Durez phenolic resins (12-page bulletin). 

Clip and mail to us with your name, title, company address. (When requesting 

samples, please use business letterhead.) 


DUREZ p.iastics Division 


1316 WALCK ROAD, NORTH TONAWANDA, N.Y. 


KENTILE, INC 


A pinch of permanence 


No, cooking does not improve the flavor 
of this cork tile. 

We're just demonstrating the good 
strong bond that’s possible, in a material 
such as cork, with Durez phenolic resins. 
Not even boiling water can weaken it. 

Locking cork granules together is one 
of hundreds of bonding jobs these resins 
can do. You might want to delve into their 
equally salutory effects on rubber, paper, 
sand, asbestos, or ground wood. 

Under heat, the resin softens, then sets 
hard, presenting thereafter a permanently 
stubborn front to heat, moisture, and abra- 
sion. You can get resins that impart many 
different combinations of useful properties. 
It doesn’t take much resin—often only one 
part in ten—to get the results you’re look- 
ing for. And phenolic is one of the lowest- 
priced bonding agents you can buy. 

If you want to know how you might 
add a pinch of permanence to a product, 
mail us the coupon. The bulletin you'll re- 
ceive tells how 12 industries are doing 
this very thing with Durez resins. 
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HOOKER CHEMICAL CORPORATION 
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Tubexperience in action 


Superior Tube Company is 
one of several suppliers of 
these carbon steel compres- 
sion sleeves to the Alumi- 
num Company of America. 


The strength member in this splice 
is Superior Tubing 


ACSR high-tension cable takes a terrific beating—must hold 
up under the stresses of high winds and of heavy coatings of 
ice that add to the weight of long unsupported spans. A splice 
that joins two ends of cable must be as strong as the rated 
strength of cable itself, or stronger. 


Many power companies and line construction organizations 
use compression sleeves to make such splices—an outer one 
of aluminum to join the current-carrying strands of wire, 
an inner one of Superior cadmium-plated carbon steel tubing 
to join the steel core. The strength of the tubing must equal or 
exceed that of the steel core. It has a tensile strength range of 
50,000-67,000 psi; can be formed under pressure without 


cracking; will flow readily into the mating steel core when 
compressed. 


But valuable as they are for this purpose, compression sleeves 
of Superior Tubing are widely utilized in still another way. 
Often their function is not to serve as strength members, 
but as conductors. 


Compression sleeves are only one of many applications for 
Superior Tubing in the electrical industry. Various analyses, 
both magnetic and nonmagnetic, are available to meet a wide 
range of service conditions. Send for a copy of Bulletin 41, 
containing valuable data on them all. Superior Tube Com- 
pany, 2021 Germantown Ave., Norristown, Pa. 


Syoerir file 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to Yin. OD—certain analyses in light walls up to 24 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California e FIRST STEEL TUBE MILL IN THE WEST 


Circle 167 on page 17 


ELECTRICAL MANUFACTURING 





Which Motor 
Is Right for 
Your Job? 


NOW! Let General Electric ECONO-MATCH Motors 
to Meet Your Specific Drive Requirements 


You have over three billion different designs and types of 
integral hp a-c motors to choose from. And, it is increasingly 
difficult and costly to make this choice. It will pay you to 
find out how General Electric engineers can help you do this 
motor selection job. 

THIS NEW MOTOR SELECTION SERVICE, ECONO-MATCHING, 
is the optimum matching of motor to machine and applica- 
tion for over-all economy, improved machine performance 
and greater reliability. 

HOW ECONO-MATCHING WORKS—G-E engineers work 
closely with your designers studying machine characteristics: 
speed, torque, duty cycle, life expectancy, environmental 
conditions, etc. Then, through use of computers and ad- 
vanced design techniques, General Electric can supply 
exactly the motor required for your job. 

FOR EXAMPLE, the Réed-Prentice injection molding machine, 
shown at right, had been using a standard 40-hp motor. 
By ECONO-MATCHING, G-E engineers determined that 
a smaller, lighter, more compact 30-hp motor with improved 
electrical characteristics could do the job required. Although 


this special 30-hp motor cost slightly more than a standard 
30-hp, it provided greater efficiency and cost considerably 
less than the 40-hp motor it replaced. It also cut space and 
weight requirements. G.E. has also ECONO-MATCHED 
motors for crane, compressor, and other applications. 


GENERAL @@ ELECTRIC 


MAIL THE ATTACHED 
COUPON TODAY... 


Section J891-21A 
GENERAL ELECTRIC CO. 


Schenectady, N. Y. 


or call your nearby General Electric Ap- 


Please furnish more information on how you can ECONO-MATCH a motor 
for my application which is 


NAME____ i Sa oa 
COMPANY 
CITY, STATE 


paratus Sales Office for complete informa- 
tion on how G-E can ECONO-MATCH a 
motor to meet your specific requirements. 





Circle 168 on page 17 





The je 
Handy & Harman 


Has every form of silver for your electronics applications 


Silver, in many forms and alloys, is a necessity in the elec- 
tronics and electrical industries. To meet this need on a 
high quality level, Handy & Harman manufactures powder, 
flake, paint, paste, sheet, strip, wire, etc., for printed circuits, 
wiring, resistors, condensers, thermistors, contacts, printed 
terminal strips on glass, ceramics, plastic laminates, etc. 


Another “At Your Service” Division of the Handy & Harman 
Silver Supermarket is our Research and Engineering 
Department. Always ready to help you with any problem 
or project you may have involving silver for any application. 


VISIT OUR BOOK DEPARTMENT 

We have five Technical Bulletins giving engineering data 
on the properties and forms of Handy & Harman Silver 
Alloys. We would like you to have any or all of those that 
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particularly interest you. Your request, by number, will re- 
ceive prompt attention. 


Bulletin A-1 
Bulletin A-2 
Bulletin A-3 
Bulletin A-4 
Bulletin A-5 


Fine Silver 

Silver-Copper Alloys 
Silver-Magnesium-Nickel 
Silver Conductive Coatings 
Silver Powder and Flake 


Your No.1 Source of Supply and Authority 
on Precious Metal Alloys 


HANDY & HARMAN 


General Offices: 82 Fulton St., New York 38, N. Y. 
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BASIC Ea 


BUILDING BLOCKS 


BASIC 


BUILDING BLOCKS 


BASIC t 


BUILDING BLOCKS 


Mee 


Data Logging 


Kearfott’s broad line of 
test equipment includes the 
Scanalog 200-Scan Alarm 
Logging System which 
monitors, logs and per- 
forms an alarm function of 
up to 200 separate temper- 
ature, pressure, liquid level 
or flow transmitters. This 
precise data handling sys- 
tem is equipped with man- 
ual controls for scanning 
rates, automatic or manual 
logging, data input relat- 
ing to operator, time, day, 
run number and type of 
run. 200 numbered lights 
correspond to specific 
points being maintained 
and provide a visual “off 
normal” display for opera- 
tor’s warning. System can 
be expanded to 1024 points 
capacity and 2000 points 
per second scanning rate. 


Write for complete data. . 


We 


Floated Rate 
Integrating Gyros 


Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su- 
perior to any comparably- 
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy- 
ros are ruggedly designed 
and completely adaptable 
to production methods. Per- 
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions. 


TYPICAL 
CHARACTERISTICS 


Mass Unbalance: 
Along Input Axis: 1.0°/ hr 
maximum untrimmed 
Standard Deviation (short term): 
Azimuth Position: 0.05° /hr 
Vertical Position: 0.03°/hr 
Drift Rate Due to Anisoelasticity 
Steady Acceleration: 
.015°/hr./g?_ maximum 
Vibratory Acceleration: 
.008°/hr./g?_ maximum 
Damping: 
Ratio of input angle to 
output angle is 0.2 
Characteristic Time: 
.0035 seconds or less 
Weight: 0.7 Ibs. 
Warm-Up Time: 
10 minutes from —60°F 
Life: 1000 hours minimum 


Pe a 


Electrohydraulic 
Servo Valve 


Kearfott’s unique approach 
to electrohydraulic feed- 
back amplification design 
has resulted in a high- 
performance miniature 
servo valve with just two 
moving parts. Ideally 
suited to missile, aircraft 
and industrial applications, 
these anti-clogging, 
2-stage, 4-way selector 
valves provide high fre- 
quency response and 
proved reliability even 
with highly contaminated 
fluids and under conditions 
of extreme temperature. 


TYPICAL 
CHARACTERISTICS 


Quiescent Flow ............ 0.15 gpm 
Hysteresis ...3% of rated current 


Frequency Response 
3 db @ 100 cps 
Supply pressure....500 to 3000 psi 
Temperature-Fluid & Ambient 
— 65°F to +275°F 
Flow Rate Range .... .3 to 10 gpm 
10.5 ounces 


Write for complete data. 


A 


GENERAL 
PRECISION 
COMPANY 


Analog 
Digital 4 20 Second 
Converter Synchro 


Integrator 
Tachometer 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A subsidiory of General Precision Equipment Corporation 
Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J 

Midwest Office: 23 W. Calendor Ave., Lo Grange, Iii: 
South Central Office: 6211 Denton Drive, Dalles, Texos 
West Coost Office: 253 N. Vinedo Avenue, Posodenc, Coli! 


Engineers: Kearfott offers challenging opportunities in 
advanced component and system development. 
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Soft-giass seali 
tronic tubes, 


Hard-giass sealing materi 
metically sealed electrical 


High-conductivity, high 
> -st 
side rods in electrenie anen 


High-temperature conductor extensively used for 


Resistivity—16.0 ohms/cir. mil ft. @ 68°F 


ng material for lead-in wi 
semiconductor devices and —— - 


al for lead-in wires for her- 
and electronic products. 


Coeff. of exp. 102 x 10° in./in./°C 


Coeff. of exp. 11.7 x 10° in./in./°C 


Coeff. of exp. 60 x 10° in./in./°C 


eth materia! for grid 


aircraft spark plug electrodes. 


Operating range—up to 1300°F 


range—up to 1500°F 


SYLVANIA offers the most 


complete line of CLAD WIRES 


Sylvania Clad Wires are in increasing demand 
in electrical and electronic manufacturing 
where single-metal or one-alloy wires cannot 
meet the requirements . . . particularly in high- 
stress, high-temperature, high-conductivity 
applications. 

Unlike plating, the Sylvania cladding pro- 
cess literally slips a tube of one metal over a rod 
of another metal and draws them out together 
into a wire combining the qualities of both 
metals. These wires maintain exact ratios of 
core material to cladding material . . . each can 
be held to as little as 10% or as much as 90% 
of the finished wire. 


These wires are far more uniform than plated 


wires. Alloy cladding over base-metal cores is 
perfectly practicable. Listed above are the Clad 
Wires now available in sizes from .500’’ to 
001’, either in stock or in process for fast 
finishing. 

All of the wires listed above are standard 
production items . . . the largest line of in- 
process clad wires available from any supplier. 
Other clad wires can be supplied to order. 


Sylvania produces precision fine wire in all 
three types: plated, alloy and clad. Our wealth 
of experience with all three is at your disposal 
at any time. Contact your Sylvania represent- 
ative or write to: Sylvania Electric Products 
Inc., Parts Division, Warren, Pa. 


Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Custom Assemblies 


wx SYLVANIA@ 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fluorescent Components 


DIVISION 
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New, 8-page, fully 
i/lustrated booklet 
describes properties, 
test data and uses 
for Du Pont “‘Lecton’’ 


electrical insulation 


This free booklet fully describes the outstanding properties 
of Du Pont “‘Lecton’’* acrylic resin-coated glass fabrics for 
hermetic and Class B insulation applications. ‘‘Lecton’”’ 
combines heat resistance; mechanical strength and tough- © 8 pages, fully illustrated. 

ness; dimensional stability; resistance to solvents, oils, ¢ Tables of complete electrical properties for all single-ply 
fluorinated hydrocarbon refrigerants and nuclear radiation tteknesaee fens 3 mils theough 30 aalie. 

plus superior, electrical properties in a single insulation of 
moderate price. This booklet— yours at no obligation, in- Graphic illustrations of electrical property-evaluation 
cludes information that may help you improve your prod- test data. 

uct with insulation of ‘‘Lecton’’. For your free copy mail © Description of advantages for a variety of electrical uses. 
the coupon or write E. I. du Pont de Nemours & Co. (Inc.), ¢ Information about Du Pont technical service available 
Fabrics Division EM-910, Wilmington 98, Delaware. to help you evaluate “Lecton” for your product. 


CONTENTS 


e Full description of electrical, mechanical, chemical, ther- 
mal, and forming characteristics. 


**Cecton”’ is Du Pont’s registered trademark for its acrylic resin-coated fabries 


MAIL COUPON FOR FREE 8-PAGE BOOKLET 


eee 


DU PONT E. I. du Pont de Nemours & Co. (Inc.) 
INDUSTRIAL COATED Fabrics Division, Dept. EM-910, Wilmington 98, Delaware 


Please send free, fully illustrated booklet describing properties and uses of 


FABRICS Du Pont ‘‘Lecton’’. 


I want this information for: 0 reference only, 0 an immediate project. 
a 
Company 
Street 
86 u.s. pat. OFF 


CUD ei scceiticisncemeeeyicaca iti laiaceaaseatamsscnsas On 
BETTER THINGS FOR BETTER WVING ... THROUGH CHEMISTRY 
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The motor and the belt housing of the r 
ALLISPEDE DRIVE are individually ventilated : 
Motor ventilating air iS not exhausted into i 
the belt housing belts run cooler for 
longer life. Service factor and operating hi ; 
of all components are higher because of | 
lower operating temperatures 
a 

i. 
t 
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Electrical remote control « an be provided oh ar- Tn) 

enclosed speed adjusting motor, mounted on the 
ol een matte ELT eae ate torque motor 
can be stalled without overheating, eliminating 
the need for troublesome limit switches 


a 


ea cae 
] Single-cog- belts with 


extra contact area provide 





— more efficient transmission 
Sy of power and longer belt aa i 
life. Dual ventilation, } , and easy — without 
\ Precision-machined discs, Lee: mg } requiring special tools. A tachometer generator 
(iq ’ equalized -loading, and | \ You remove only one mounted on the output 
\ automatic belt tension aid we “as wap ec bracket and the - ibe’ ee 
enn rane ~~ speed-adjusting mech- indicator that can be 
| . anism to make fast mounted at a remote 
. Ce changes without location. Disassembly 
eel affecting permanent of the tachometer is 
alignment of not required when 


discs or belts. making belt changes. 





The Complete Line— 


Whatever your mechanical 
drive application 
requirements, there’s an 
ALLISPEDE DRIVE to 
match it exactly. Sizes up 
to 30 HP, output speeds 
from 1 to 10,000 RPM, 
and speed ranges up to 
8:1. Motors can be open, 
drip-proof, enclosed, or 
explosion-proof; with 
ventilated or enclosed 
belt housings, suitable 
for foot, P-base, C- or 
D-flange mounting on 
your machine. Available 
with parallel shaft, or 
right-angle, integral gear 
reducers, special shaft 
extensions, integral 
magnetic brakes, electrical 
or mechanical remote 
control, and other 
modifications as required 
to meet the specifications 
of your application 


Four of the many variations 
of mounting available with 
the ALLISPEDE DRIVE. 


Another new product from Louis Allis 


Let’s look at the features of the 


ALLISPEDE DRIVE* 


New Louis Allis Drive offers accurate 
control — maximum belt life — long-run economy — 
low-cost versatility — ease of installation 


After checking the many superior features of this drive, you will prefer 
the Allispede every time. The illustrations at the left demonstrate the 
many advantages of design and construction available in this drive. 


The Allispede Drive gives you high efficiency and close regulation. Belt 
tension adjusts automatically — and belt changes are easy and fast. The 
modern design eliminates overhung discs—maintains belt and disc alignment 
— results in longer belt life — provides the ultimate in field versatility. 
Check the accompanying features — now! A phone call to your local 
Louis Allis District Office will bring a skilled Louis Allis Field Engineer. 
He will gladly study your drive problem and offer Application Engineering 
assistance. Or write to Louis Allis Company, 428 East Stewart Street, 
Milwaukee 1, Wisconsin for a copy of Bulletin 3600, 


*ALLISPEDE is a trademark of The Louis Allis Company. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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precision engineered 
contro/ switches 


designed with 
brand new features 


Keeping pace with design engineers, Circle F 
offers modern control switches for every possible 
application. New economies are now 

possible through the use of standard switches 
readily modified to meet any particular 
specification. Circle F’s advanced standards 
of quality-controlled manufacture makes 
possible assembly-line production of 
highest quality “custom-made” switches 
in less time and at lowest costs. Whatever 
your need, write Department S for 
fullest information and helpful 
engineering assistance. 


M-1886-L4P 1885-6 
NEW “PADDLE” NEW THREADED 
HANDLE SWITCH PLUNGER SWITCH 
for any cap 


CIRCLE F’s 

“Fine” Silver Contacts 
reduce arcing on 
slow-make, slow-break 
AC and insure long, 
dependable switch life. 


CIRCLE F MFG. CoO. 


TRENTON 4, NEW JERSEY + For your wire requirements: Eastern Insulated Wire Corp., Box 591, Trenton, N. J. 
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QUALITY CONTROL 
PLUS SAVINGS Value analysis 


suggested the use of a clie-pressed forging. The result: 


an 85% cost reduction and a stronger, tougher part. 


SWITCH BLADE in overspeed limiting device on large General 
Electric motor-generators was originally an assembly A—an arm 
brazed to a brass casting which was machined, slotted, and 
drilled. After review in the company’s Value Analysis program, 
assembly was replaced by Anaconda die-pressed brass forging B. 


The superior strength of twice-wrought metal made possible a 
one-piece part. The excellent finish and consistent dimensional 
accuracy of the die-pressed forgings eliminated all machining 
but the drilling operation. The over-all cost is 15% of the origi- 
nal part. 


HE vital job of controlling quality and 
cn may be easier than you think. 
Anaconda technical specialists will gladly help 
you find the right alloy and mill form to do both. 
See your American Brass Company represen- 
tative or write: The American Brass Company, 
Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. - so 


DIE-PRESSED FORGINGS SPECIAL-SHAPE TUBES 


VALVES FOR CHLORINE AND FLUORINE shipping containers must have unusual EXTRUSIONS FABRICATED METAL PARTS 
corrosion resistance and high strength. Superior Valve & Fittings Co., 
Pittsburgh, specialists in handling halogens, looked for a forging alloy products of 


that would be suitable. American Brass Company metallurgists suggested ® 
die-pressed forgings of a slightly modified Everdur® -1014, an aluminum- NAC ;O N D 
silicon bronze, for this chlorine-fluorine service, and this customer is find- 


ing wide use for it in other severe service, too. The twice-wrought metal 


of Anaconda die-pressed forgings has dense structure to prevent leaks— 
strength and toughness to take rough handling. Yet it can be machined in 


automatic-chucking machines resulting in good cost control. 
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made by The American Brass Company 
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PARKER-KALON « 


ffers three new, improved thread-cutting 


SCTCWS On CVETY application ML ry mate mL 


New, Improved P-K Type F* 


. hardened thread-cutting 
screws developed for use in 
friable, granular or brittle material. 
The pilot, with its five tapping flutes, 
cuts a machine screw thread as the 
screw is turned in. The Type F is 
ideal for making fastenings to fer- 
rous and non-ferrous castings, bronze 
or brass forgings, heavy gage sheet 
metals, structural steels, plastics and 
resin-impregnated plywood. 


“Pentap”.. . the new, 
Improved P-K Type B-F* 


(formerly F-Z) combining the five 
thread-cutting flutes of the Type F 
screw with the coarse-pitch, ican 
spaced threads of the P-K Ty 

The thread-cutting ““Pentap” Rene 
B-F distributes cutting pressure 
evenly, lets chips drop to the bottom 
of the hole, and prevents cracking 
of material. It is designed for making 
fastenings to comparatively thin sec- 
tions and bosses in friable and brittle 
plastics. 


“ 


=; 
i 
al } 


) 
oP 
P-K® Type Li 


. is a completely new and 
improved thread-cutting 

screw developed by Parker-Kalon 
especially for use in Nylon. The Type 
L functions as a combination thread- 
cutting and thread-forming screw in 
that it cuts a small amount of the 
Nylon to allow the full diameter 
threads to form. Type L offers a 
particular advantage in Nylon 
assemblies which must be disassem- 
bled for service, because the P-K 
Type L can be removed and replaced 


without stripping or galling. 
The five cutting flutes on the new, improved P-K Type “F" and “BF"’ 


reduce pressure development by 80 percent! The completely formed 
threads on these screws have sharper cutting edges, and 5 deep flutes that 
are of continuous depth. These features make for better clearance of the 
accumulated material and assure minimum stresses in driving, and avoid 
the possibility of stripping or galling. 


FOR SEMS...and Neoprene or Nylon 
washer STAPS® in thread-cutting and 
thread-forming tapping screws, or ma- 


FOR SAMPLES OF P-K THREAD-CUTTING SCREWS AND SEMS, 
CALL YOUR LOCAL P-K “‘BULK-STOCKING” DISTRIBUTOR 


tela 


fasteners 


PARKER-KALON DIVISION, General American Transportation 
Corporation, Clifton, New iS oean SO) tee Mk ete 
Chicago and Los Angeles 


chine screws in any kind of pre- 
assembled fastener-washer combination, 
aed Wor ETT) «am ela Cored 


KEEP AMERICAN INDUSTRY AT WORK... BUY P-K.. .MADE IN U.S.A, 


*Patent Pending ce ee ae 
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gm 


they both weigh 


74 pounds... 


One is worth its weight in protection for the 
other as a rubber bumper on a “‘Dodgem” 


car in amusement parks. 


From rubber or rubber-like parts as large 
as these to precision components weighing less 
than a gram—and for practically every 
condition you can think of... your 
nearby ORCO “‘Customeering”’* 


man is familiar with them all. 


So get the advantage of the experience 
that has put Ohio Rubber 
*“Customeered”’* components in 
outstanding original equipment in 
every industry. Write to The Ohio 
Rubber Company, Willoughby, 
Ohio. 9PAL 


ue OHIO RUBBER comrany 


Willoughby, Ohio 


A DIVISION OF THE EAGLE PICHER COMPANY 
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Naugatuck VIBRIN LIQUID POLYESTER RESINS 


NEW POTTING COMPOUND 
COSTS YOU LESS! 


Compare these costs! 


GENERAL-PURPOSE NEW 
POLYESTER VIBRIN X-1O88B 


Specific gravity 1.12 Specific gravity 1.04 
Lbs. per drum 500 Lbs. per drum er’ 
Cost at $.34/ib. $170 Cost at $.34/ib. $157.76 

Saving per drum $12.24 


eTTTR EU Talat Naar 
per pound $.0245 


New VIBRIN X-1088B is a proven coating and potting compound that offers all these cost- 
saving features: 


costs less to use than general-purpose gives low shrinkage and low exotherm 
polyester. Lower specific gravity means less 
cost per volume, less cost per part ’ 7 
costs far less than epoxies low viscosity gives high filler capacity with 
ease of impregnation 


permits controlled gel and cure 


reduces cure time considerably 


Need unusual heat resistance? VIBRIN 136A gives excellent protection at sustained tempera- 
tures of 500° F—intermittent service up to 1|000°F! 


Whatever your product, whatever the potting compound you now use, better look into VIBRIN® 
potting resins thoroughly. See for yourself how you'll save! 


United States Rubber 


1042-V Elm Street 
au 


Naugatuck Chemical Division n gatuck, Connecticut 


Rubber Chemicals « Synthetic Rubber ¢ Plastics * Agricultural Chemicals * Reclaimed Rubber « Latices 


DIST. OFFICES: Akron * Boston * Gastonia * Chicago * Los Angeles * Memphis * New York * Phila. * CANADA: Naugatuck Chemicals, Elmira, Ont. * CABLE: Rubexport, N.Y. 
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ROEBLING MAGNET WIRE 


lives up to your reputation. 


When the switch is thrown, magnet wire 
carries the responsibility of upholding your 
reputation. 

Wherever it’s used—in everything from 
generators, transformers and motors to tiny 
coils— Roebling Magnet Wire provides an 

extra increment of dependability. That’s because, in every 

one of its scores of sizes and types, it is skillfully made of 

prime ingredients, then stringently inspected and tested. 
You pay no more for this wire- yet it lets you give your 


customers more, in terms of satisfying performance. What's 
more, you choose the packaging that’s right for your product 
and production. A copy of Roebling’s useful, new Magnet 
Wire Fact Book is yours for the asking. Write Electrical 
Wire Division, John A. Roebling’s Sons Corporation, 
Trenton 2, New Jersey. 


ROEBLING 6) 


) 
he ny 
Branch Offices in Principal Cities (FI 


Subsidiary of The Colorado Fuel and iron Corporation 





DC Solenoid Contactors to siz 


Auxiliaries: standard, low power 


Dependable thermal O.L. relays 


it’s completely versatile and designed for both standard and specialized controls 


From the little Size 00’s to the powerful 
Size 5 contactors you'll find maximum 
reliability built right in... whether you 
application is in motor control, resistive 
heating or lamp switching. 
Meticulous attention to design features 
guarantees you top-notch performance 
especially where hi-reliability is a 
“must.” All AC and DC 


example, 


contactors for 
with 
fast-acting, trouble-free solenoids. There 


come equipped simple, 


are no complicated linkages or poten- 
tially troublesome pins or bearings... 
no adjustments needed either. 

The main and auxiliary contacts are 
of the double break type designed for 


maximum reliability even where high in- 
rush currents are met. Contacts are ac- 
cessible for inspection, too! 

Other key contactor design features 
include: identical mounting centers for 
AC and DC; all units designed for front- 
of-board wiring and mounting; magnetic 
blowouts furnished above 25 amp. size 
on DC; fully accessible terminals make 
installation easy. 

On your next control job, standard or 
special, specify W/L Control Compo- 
nents. Send for detailed Control Catalog: 
Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) o5 
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AC and DC power relays, too 


fy, WARD 
[; LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER... E/ectrically 


PRel-E ryincered Contiols Since 1892 


Ol! Bl 


VIANU EF AC 


PURING 





Here's 
How to Cut 
Contact Costs... wal 
Maintain High y = I 


Performance \ 
Quality... y od # 
Use General Plate Clad <a 
Contact Materials 


Among the many advantages in using General 
Plate Clad Contact Materials are better electrical 
performance, longer operating life and lower fab- 
ricating costs. 

Single and double inlay, overlay and toplay 
make it possible to manufacture complete contact 
assemblies to close tolerances by single blanking 
and forming operations. Compare this to multiple 
operations whereby the contacts and supporting 
members are fabricated separately and then as- 
sembled by brazing, welding or staking methods 
and you readily see the savings in production 
costs alone. 

But that’s not all... here at General Plate we 
specialize in supplying you with complete fab- 
ricated clad contact assemblies ready for installa- 
tion. They will save you money, time and trouble 

. . problems of precious metal inventory and 
scrap disposal are eliminated. 

Why not find out how you can cut costs, in- 
crease performance with General Plate Clad Con- 


tact Materials and fabricated assemblies. Write: Typical example of how General Plate 


a single and double inlay reduces 
? Tad Y abrication and assembly costs by simple 
You Can Profit By Using General Plate one-step stamping. 

Clad Contact Materials 


METALS & CONTROLS 


1910 FOREST STREET, ATTLEBORO. MASS.U S.A 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
GENERAL PLATE PRODUCTS: Clad Metals « Electrical Contacts « Truflex® Thermostat Metal + Platinum Metals « Reactor Metals « Radio Tube & Transistor Metals 
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2 Klixon 20400L Thermostats 
are used to limit temperature 


of 


Five Klixon Thermostats 
team up on York Heat Pumps 
to assure efficient and safe operation 


two supplementary 


heaters. 


Warmth indoors from zero degree outdoor tem- 
peratures or natural cooling in 115° ambients with 
one compact unit ... that’s what the York Heat 
Pump provides for homes or businesses. 

In designing their versatile heat pump, York engi- 
neers specified five KLIXON Thermostats in each 
unit. The reason . . . they know from experience that 
rugged KLIXON Thermostats insure accurate tem- 
perature control and dependable, service-free op- 
eration. 

York Corporation also uses KLIXON Thermostats 
on three types of attic-installed central heating- 
cooling units, both unit switch and reverse-cycle 
models. 

York is another of the hundreds of leading manu- 
facturers specifying and using KLIXON Controls. 


A Klixon 20220 Thermostat 
controls a small heater ele- 
ment of the flow-modulator. 


2 Klixon 20221 Thermostats 
are mounted on the liquid 
line and shut down the unit 
on blocked blower. 


These controls are available in both sealed and open 
construction in a wide variety of types and sizes. 
Fixed temperature settings are custom calibrated at 
the factory to meet specific application requirements. 

M&C field engineers will gladly help you make 
test applications of KLIXON Controls at your request. 
Send for new KLIXON Commercial Thermostat 
Catalog and get acquainted with the application 
possibilities on your products. No obligation, of 
course. 


METALS & CONTROLS 


3610 N. MAIN STREET. VERSAILLES. KY 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
SPENCER PRODUCTS: Commercial! Controls Department 
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Your Time and Our Space 


[HEY SAY this is the age of space, but there 
doesn’t seem to be any. Places and spaces are 
crowded by things and people. Time is 
equally cramped. Things we’d like to do jostle 
things we must do. With multiplying de- 
mands on both, time and space must be spent 
selectively. 

As editors, we must make the choices and 
guide ELECTRICAL MANUFACTURING to serve 
your expressed and demonstrated needs and 
purposes. We must select for best use of space 
and time. A strong guide for this selection is 
our conviction that the time that you devote 
to reading our pages is most especially not to 
be wasted. 

We are, all of us, professional engineers, 
editors and publishers. We have no need or 
urge to be part-time anything else. We submit 
that amateur comedians are not as funny, and 
amateur prophets not as shrewd, as the pro- 
fessional varieties. As a matter of deliberate 
choice, therefore, ELECTRICAL MANUFACTUR- 
ING offers neither a page of comics nor a page 
of breathless, italicized prophetic utterances 
in each issue. 

We are creating and publishing an en- 
gineering magazine, so we make it about en- 
gineering. This may sound simple and ob- 
vious, but actually there are all kinds of 
treacherous by-paths which tempt technical 
editors with a “change of pace” or with the 
plausible notion that all human affairs have 
“engineering angles.” 

We strongly resist the theory, which seems 
to have crept into both publishing and educa- 
tion, that world affairs, the arts, and especial- 
ly business and management problems can be 
understood and appreciated by engineers only 
when translated or “angled” by a specious 


peppering of such matters with “engineering” 
terms and references, usually laboriously and 
artificially. 

Trade jokes are invariably tiresome and 
good for polite smirks, at best. We’d rather 
hear a good gag about Lady Bottomley or 
Khrushchev, and then get back to our engi- 
neering. Not as obviously as with humor, but 
because of the same basic fallacy, essays and 
discussions of business and management 
matters composed with a strained “engineer- 
ing slant” are usually incomplete, inept and 
extremely naive, in both the subjects they are 
expounding and in their conceptions of “en- 
gineering aspects.” 

Career guidance, investment counseling and 
office management are esteemed occupations 
and functions. At competent and professional 
levels, they involve subtle and complex ques- 
tions and demand long years of concentrated 
application for proficiency. 

With crowded time and space, we do not 
publish opinions and guesses by amateur en- 
gineers. Our choice is also to show respect 
for other professions by not presuming to do 
their jobs on a part-time amateur scale. 

The best sources for guidance in the com- 
plexities and subtleties of world affairs, for 
self-development philosophy and psychology, 
and for financial-world analysis are the ex- 
perts in such matters. They would not attempt 
to design circuits or to prepare engineering 
specifications. They are too busy for amateur 
tinkering. So are we. 


LpLA Ez Kohkl 


Associate Editor 





Effect of High Temperature and 
Nuclear Radiation on 
Silicone Insulation Systems 


These insulation systems are being in- 
creasingly applied in equipments operat- 
ing in nuclear radiation environments. 
There is therefore a growing need for 
realistic performance data. This article 
presents and analyzes the results of an 
intensive evaluation program involving 
several silicone insulation systems in 
these categories: 
® Random-wound equipment 

(motorette samples ) 

Form-wound equipment 

(formette samples ) 

Wire and cable 

Complete machine 


(motor test) 


Cc. G. CURRIN 

F. A. SMITH 

Product Engineering Laboratories 
Dow Corning Corporation 
Midland, Michigan 


Editor's Note 


This article is the sixth in the series dealing with the 
effects of extreme environments (such as ultrahigh tem- 
perature and nuclear radiation) on materials and com- 
ponents. The first of this series, a 24-page staff review 
titled “Electronic Materials and Components for Ex- 
treme Environmental Problems” by Alex. E. Javitz and 
Paul G. Jacobs, appeared in the November 1958 issue. 
(See also the article entitled “Effects of Temperature 
on Magnetic Core Materials” on page 119 of this issue.) 


OWING TO THE INCREASING INTEREST in silicone insula- 
tion for such nuclear-reactor applications as wiring, feed- 
pump motors and control-rod drives, a program for 
evaluating the radiation resistance of silicones at high 
temperatures was initiated by Dow Corning in 1957. This 
report represents the results of this program to date. A 
hollow, cylindrical 18-kilocurie cobalt 60 radiation 
source was used in all these tests. Ambient air tempera- 
ture ranged from 70 to 80 F. Since silicone insulation 
normally operates reliably at temperatures ranging from 
180 to 200 C, an exposure temperature of 200 C was 
selected for these tests. Six insulation systems and four 
wire and cable constructions were evaluated. 

Tests were conducted on four different types of 
samples: 


1. Motorette samples (see Fig. 1), by which insulation 
for random-wound equipment may be evaluated ac- 
cording to AIEE Test Procedure No. 510; 


2. Formette samples (see Fig. 1), by which insulation 
for form-wound equipment may be evaluated ac- 
cording to AIEE Test Procedure No. 511; 


3. Wire and cable samples; including aircraft wire 
and a special cable designed for use in an atomic 
reactor; 


. Motor test, by which the insulation of a complete 
random-wound machine may be evaluated under 
actual operating conditions using AIEE Test Pro- 
cedure No. 510. 


Although the AIEE Test Procedures Nos. 510 and 511 
are used primarily to evaluate thermal life of insulation 
systems in rotating machinery, the data obtained can be 
used to predict the performance of silicone insulation 
in other electrical and electronic equipment. The insula- 
tion systems used in the samples tested are described in 


Table I. 


Results of Motorette Tests 


Values of insulation resistance for Systems A, B, C and 
D (see Table I) are shown in Table II for exposure to 
radiation at 200 C and in Table III for exposure to radia- 
tion only. Several significant points may be noted: 

1. The phase-to-ground and phase-to-phase insulations 
of Systems A, B and D withstand the 600-volt phase test 
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Fig. 1—Insulation system models (formettes) for form-wound 
equipment (left) and for random-wound equipment (motor- 
ettes) used in studying the effects of gamma radiation and 
temperature on silicone insulating systems. 


after a dose of 300 megarads at either 200 C or 23 C, or 
a thermal exposure of 7500 hr. However, the insulation 
resistance measurements on the motorettes irradiated at 
200 C are lower than for those exposed to 200 C only. 
The decline in wet insulation resistance of System B 
motorettes is typical for the motorettes wound with 
fibrous insulated wire. Motorettes irradiated at room 
temperature have a lower range of insulation resistance 
but this difference may be due only to variations in the 
test normally encountered in making insulation resistance 
tests. No appreciable difference in life between the vari- 
ous phase-to-ground and phase-to-phase insulations is 
apparent. 

2. The enameled magnet wire used in System C failed 
the 120-volt turn-to-turn test on the motorettes exposed 
to radiation and heat. Failure occurred between 35 and 
100 megarads (750 to 2150 hr at 200 C). Two additional 
motorettes insulated with System C completed 80 meg- 
arads exposure at 200 C, but failed during the next ex- 
posure cycle. These data indicate a life of approximately 
90 megarads at 200 C for this sytem. At room tempera- 
ture, this system will withstand more than 2000 megarads. 
Exposed at 200 C only, the life expectancy would be 
greater than 10,000 hr. For comparison, conventional 
Class A insulation systems evaluated in motorettes have 
a life expectancy at 200 C (without radiation) of from 
100 to 200 hr. 

3. The fibrous-insulated magnet wire used in the other 
systems has successfully withstood the 120-volt turn-to- 
turn test after 300 megarads at 200 C. Since this wire 
insulation also provides long life at high temperatures, 
it is preferred for applications requiring maximum 
reliability. 
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Formette Tests 


Two different silicone rubber insulation systems (E 
and F, Table I) were evaluated. Samples were exposed 
to the same conditions of radiation, radiation plus heat, 
and heat only, as were the motorettes. Exposure cycle 
was 25 megarads in the radiation field and 250 to 300 
hr at 200 C for the oven-aged samples. 

The test data obtained from the formettes indicate 
that a dose of 50 to 75 megarads at 200 C (approximately 
800 hr exposure) destroys the insulation characteristics 
of the two silicone-rubber systems tested. These data also 
show that this damage was not caused by irradiation or 
high temperature alone but by the combination of these 
conditions. The failures occurred during the proof test, 
prior to the vibration and humidity conditioning. De- 
tailed test values appear in Tables IV and V. 

Since the dielectric properties are not degraded by 
this exposure, the failures are caused by loss of flexibility 
and cracking of the insulation. Therefore, these tests show 
that the useful life of silicone-rubber insulation systems 
under the combined influence of heat and radiation is 
dependent upon the degree of mechanical strength and 
flexibility required in the application. 


Wire and Cable Tests 

To determine the resistance of silicone-rubber wire 
and cable insulation to irradiation, tests were made on 
four different wire and cable constructions as described 
in Table I. To make the test more functional, the wire or 
cable was wrapped at least three times around a mandrel 
10 times the diameter of the wire. Owing to space limita- 
tion, the length of the sample was 3 ft to 6 ft. Measure- 





Fig. 2—Effects of gamma radiation and temperature on a sili- 
cone-rubber (Silastic 916) insulated 3-conductor cable: left, 
condition of cable (wrapped on 10 x mandrel) after irradia- 
tion exposure to 50 megarads (0.090 megarads/hr) at 25 C; 
right, condition of cable after same irradiation exposure at 


ments were made using water at 23 C as the outer elec- 
trode. To determine water resistance, two series of mea- 
surements were made; one immediately, the other after 
the samples had been submerged for 24 hr. 

For radiation exposures at 25 C, life in excess of 50 
megarads can be expected in most applications. In ap- 
plications where the wire is not subjected to appreciable 
flexing nor to high temperatures, life may be in excess 
of 200 megarads. For most nuclear applications, except 
those within the primary reactor shielding or in close 
proximity to other radioactive materials, a life of 50 
megarads is equivalent to several years. (The combined 
effect of exposure to heat and radiation on a silicone- 
rubber insulated 3-conductor cable is shown in Fig. 2.) 

Figure 3 shows that as long as the physical integrity of 
the insulation is maintained, the electrical performance 


as insulation is essentially unaffected. Since failure is 


200 C. Note cracking caused by combined radiation and high 7 : : : 
caused by cracking, greater life can be obtained if the 


temperature. 


Table !— Silicone Insulation Systems and Constructions 


Motorette Insulation Systems 


Insula- 
tion Ground and phese 
system Wire Wire insulation insulation Lead insulation 


Silicone 


Slot sticks varnish 


A AWG 18 


copper 


Double-glass silicone 
varnish Sylkyd* 1090 
bond 


Glass-mice-glass 
silicone bonded 


Silicone-varnished glass 
sleeving 


G-7 silicone-glass >) 
laminate 


AWG 18 
copper 


Double Daglast Sylkyd 
1090 bond 


Glass-mica-glass 
silicone bonded 


Silicone-rubber glass 
sleeving 


G-7 silicone-glass 
laminate 
Dow 
G-7 silicone-glass Corning 
laminate 997 


AWG 18 


copper 


Modified silicone 
enamel Sylkyd 1364 


lass-mica-glass 
silicone bonded 


Silicone-varnished glass 
sleeving 


AWG 18 
copper 


Double Daglas Sylkyd 
1090 bond 


Glass-asbestos-glass 
silicone bonded 


Silicone-varnished glass 
sleeving 


G-7 silicone-glass 
laminate 


Motor Insulation System 


Motor AWG 22 


copper 


Double-glass served, 
Sylkyd 1090 bond 


Glass-mica-glass Silastic-insulated lead 
silicone bonded wire 


G-7 silicone-glass 
laminate 


Formette Insulation Systems 


System Conductor Primary insulation Outer wrap Cure Simulated slot 


E V4 x 34 x 6 in. aluminum 0.080-in. thick insulation 


Glass-reinforced, 24 hr 

made using 0.020 in. sili- semi-vulcanized, 250 C aluminum 

cone rubber Silastic* 81 silicone-rubber foil, 3 in. 

tape, Silastic S-2007 paste tape, 0.020 in. wide 
thick 

Glass-reinforced, 16 hr 


0.010 in. 


6 stacked copper conductors, Conductors bonded with Sil- 
each 0.100 x 0.250 x 6 in., astic X 3-0098; 0.080-in. semi-vulcanized, 200 C 
double-glass served, bonded thick insulation made using silicone-rubber 
with silicone varnish Syl- Silastic S-6538 Guideline tape, 
kyd 1090 tape thick 


010 in. 
aluminum 
foil, 3 in. 
0.020 in. wide 


Wire and Cable Construction 


Construction Conductor 


Insulation 
G No. 14 stranded copper Silastic 80 (MIL-W-8777A type MT-14 wire) 
H No. 14 stranded copper Silastic 80, *¢4-in. wall, vulcanized only 
No. 18 stranded copper Silastic S-2070, '¢4-in. wall, vulcanized only 


3-—-No. 20 stranded copper Silastic 916, 15-mil wall conductor insulation, silicone resin-impregnated braid; 


Silastic 916 cable jacket, !¢;-in. wall; post-cured 4 hr at 480 F 


* Sylkyd is a Dow Corning trademark for silicone varnishes and enamels; Silastic is this company’s trademark for silicone rubber 
+ Daglas is a trade designation for glass-Dacron insulation 
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silicone rubber is reinforced with glass. One way in 
which this can be accomplished is to insulate the cable 
with glass-reinforced silicone rubber tape. These data 
are typical for all the wire and cables tested in the pro- 
gram. 

Silicone rubber may be usable as wire and cable 
insulation in some applications at 25 C for doses of 50 to 
200 megarads. At 200 C, the life is estimated to be be- 


tween 5 and 40 megarads, depending upon the mechan- 
ical requirements of the application, the type of silicone 
rubber used, and the construction of the wire. Where 
high voltage, moisture, and flexing of the insulation are 
absent, life may approach 100 megarads at 200 C. The 
life values found in these cable tests also correlate well 
with the expected life of silicone rubber applied as motor- 
coil insulation. 


Table Ii — Humidified Insulation Resistance in Megohms for Silicone-Insulated Motorettes Exposed 
to Radiation at 200 C (Conditioned 72 hr/30 C/100 per cent RH) 


Exposure | System A* 


Megarads |Hr at 200 C| 1 2 
} 


System B 


System C 


| 


System D 


Phase-to-phase 


4000 

40 
6.4 

64 

600 

120 

410 


700 
140 
16 
57 
500 of e 
90 " i 
18 és ei 


12,000 4000 
2000 3500 
Units failed 
” | ” 


Phase-to-ground 


0 
750 
2150 
3260 
4360 
5420 


6460 15 


* See Table I for System Numerals 1 and 2 refer to number of 


motorette samples tested. 


composition, 


from conditions for in 


(subject to some 


Notes: Motorettes were removed 
sulation measurements, Nominal 
Irradiated rate approximately 0.05 megarads/hr. 
ated at 200 C were exposed ina 1.0-cu ft oven at 200 2 C€ 
ocated adjacent to the radiation source. Positions of samples were periodically 
ged to obtain uniform radiation 


periodically 
exposure cycle 


exposure 
variation) was 
Samples ir- 


50 megarads, was 


convection Oven 


doses 


5500 
250 
Units failed 


’ 
” 


” 


substantially the same as in AIEE No. 510. Motorettes 
were allowed to stabilize at room temperature after removal from exposure con- 
ditions. The 1-hr vibration period was followed by proof tests at 600 volts a-c phase 
to-phase and phase-to-ground and also at 120 volts a-c turn-to-turn. Motorettes 
were then subjected to 100 per cent RH at 30 ¢ hr. At the end of this 
humidification period (and while the motorettes were still in the humidity cham- 
ber) they were again proof-tested. 

The rad unit 
gram of absorbing material 


Test procedures were 


for 72 


of exposure is equivalent to 100 ergs of absorbed energy per 


Table Ill — Humidified Insulation Resistance in Megohms for Silicone-Insulated Motorettes Exposed to 
Radiation Only (Conditioned 72 hr/30 C/100 per cent RH) 


Exposure, megarads System A* System B System C System D 


Phase-to-phase 


180 3000 
12 380 
4 18 
6.6 8 
17 2.8 
0.30 13.0 
0.40 3.0 


Phase-to-ground 


680 120 
70 10 
0.8 3.0 
4.8 4.5 
Or7 7.0 

No reading 0.25 
0.20 0.30 


* See Table I for System composition. See Table I for test procedure. 
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Table IV — Effects of Gamma Radiation at Room Temperature on Silicone-Rubber Formette Insulation 
Systems 


Conditioned 24 hr/23 C/50% RH Conditioned 48 hr/30 C/100% RH 
Insula- Gamma 7 kv | Insulation | 60 cps ca- | 60 cps dis- 7 kv Insulation 60 cps ca- | 60 cps dis- 


tion dose, proof | resistance, pacitance, sipation proof resistance, pacitance, sipation 
system* megarads test megohms | mmfd factor | test megohms mmfd factor 


E 0 OK > 106 008i OK >106 056 
50 OK > 106 019 OK 106 050 
75 OK > 106 010 OK 106 050 
116.6 OK > 106 .008 OK > 106 050 


0 OK > 106 014 OK 10° 050 
50 OK >10° 012 OK > 106 55 050 
75 OK > 106 010} OK >108 050 
116.6 OK > 106 fi 007 OK >106 .060 


* See Table I for System composition. 


Notes: Test procedure used after each exposure cycle was essentially the same as that specified in AIEE Test Procedure No. 511 for 5 kv insulation systems. The 


formettes were allowed to stabilize at room temperature after removal from the exposure conditions. Measurements were made between the foil and the conductor. Proof 
7 


teste at 7 kv, 60 cycles for 1 min were applied. Following a l-hr vibration, the formettes were humidified at 100 per cent RH at 30 C for 48 hr. The measurements were 
repeated while the bars were still in the humidity chamber. The units were then returned to their respective exposure conditions. 


Table V — Effects of Gamma Radiation at 200 C on Silicone-Rubber Formette Insulation Systems 


Conditioned 24 hr/23 C/50% RH Conditioned 48 hr/30 C/100% RH 


| 
Insula- Gamma 7 kv Insulation | 60 cps ca- | 60 cps dis- 7 kv Insulation | 60 cps ca- | 60 cps dis- 
tion dose, Exposure, proof resistance, pacitance, sipation proof resistance, | pacitance, sipation 
system* | megarads hr test megohms mmfd factor test megohms mmfd | factor 


E 0 0 OK > 106 52 008 OK > 106 | 056 
OK > 106 54 010 OK > 10° 070 
625 OK > 106 48 .010 OK > 106 060 
OK > 106 52 .014 OK > 108 | 050 
938 Failed Failed 
6 kv — 3 kv 


OK OK 

OK ‘ OK 

OK OK 

OK OK 
Failed 


4 kv 4 kv 


e Table I for System composition. See Table IV for test procedure 


Motor Tests 
Wall insulation 


Although considerable data on insulation systems can 
be obtained from motorette and formette tests, data of 
greater usefulness to design engineers can be obtained 

: ' ' 3 by testing completed equipment. A motor was selected 
arte = ia as the most desirable type of equipment in which to 
evaluate an insulation system for these reasons: 
1. Much of the insulation required in radiation fields 
is motor insulation: 
: 2. Motor insulation is similar to insulation systems 
Wall insulation, | used in most magnetic equipment such as solenoids and 
0.05 | ‘ transformers; 
—*— 3. Motor insulation can be subjected to relatively large 


_ OE litte amen | mechanical ‘stresses and to electrical transients during 
OOO | 1 aan eee 


Breakdown 
% of samples 


* 


eet Tr 


|Z ——— ST 


Wall insulation 


resistance, 
megohms 
per 1000 ft 


ce 


capacitan 


0.10 + : ; eae , tests; 


as ] 4. Considerable experience has been obtained in 
e . . . 
Fa ifs evaluating motor insulating systems at elevated tempera- 
7 
4 


x + 'Wall insulation cele 
1/ poner ee ik A silicone-insulated 1-hp NEMA 182 frame motor 
pst , ‘ = rated for 440-volt, 3-phase, 60-cps, 1750-rpm service was 
used in this evaluation. The rotor was turned down 0.020 
in. in diam. to increase the no-load temperature rise 
r and the shaft extension was removed for safety reasons. 
cable against gamma radiation. Samples: 3 turns on 10 x Previous experience indicated that conventional silicone 
mandrel in water at 23 C. Data plotted indicates that as long ; . ogg se 
as the physical integrity of the insulation is not destroyed, its greases did not have adequate radiation resistance to 
electrical performance is practically unaffected. provide the life required for this test. Therefore, an ex- 


0.01 + 


OO O i 
0 50 100 


Irradiation dose, megarads 


Fig. 3—Electrical performance of silicone-rubber insulated 
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nsulation resistance, megonms 


failed 44 hr 


Humidified 


Fig. 4—Humidified insulation 
resistance of Classes A, B and 
silicone-insulated motors show- 
ing effects of heat and radiation. 


perimental radiation-resistant silicone grease was used 
for the ball-bearing lubrication. 

Insulation System A (the same as evaluated for motor- 
ettes) was selected. On the basis of limited information 
available at the time, this system appeared to have the 
greatest life expectancy under high-temperature radiation. 


Operating Conditions for Motor Test 


The motor was suitably installed above the cobalt 60 
gamma source. Suitable dosimetry measurements (Fricke 
ferrous sulfate method) were made to determine ac- 
curately the average dose received by the insulation; the 
measurements are believed to be accurate to within +5 
per cent. The average winding temperature was main- 
tained at 200 C by reversing the motor every 2.5 sec 
whenever the temperature fell below the control tempera- 
ture. The radiation source is so operated that essentially 
all radiation was applied while the motor was “hot.” The 


Class A insulated motor, 
no radiation, run at 200 C, 


Silicone - insulated motor 


a radiation, run at 240 C 


Still running 
after 78,000 hr 
at 240C 


Silicone -insulated motor, 
ne at 200 C 
| 


200 megarads 
Tt 9 


ee, 

\ _—— 
Class B insulated 
motor, no radiation, 
run at a 


200 C 


No failure 


Failed 4000 hr 


3000 
Aging time, hr 


motor was operated unattended 24 hr per day, usually 
seven days per week. 


Results of Motor Tests 


Test data obtained prior to radiation exposure and 
at the 1000-, 2000- and 4000-hr inspection periods are 
given in Table VI. The silicone-insulated motor has 
operated satisfactorily for over 4000 hr at 200 C in the 
gamma radiation field. The total operating time at 200 C 
was 4673 hr. Of this period, 4023 hr were in the radia- 
tion field. The motor windings nearest the radiation 
source received about 85 megarads. Previous experience 
indicates that without irradiation, this insulation system 
(silicone components and glass-served magnet wire) has 
a life greater than 20 years at 200 C. Additional signi- 
ficant results were noted as follows: 

1. Insulation resistance and dissipation factor after 

(Continued on page 179) 


Table VI — Effects of Gamma Radiation and Temperature for a Silicone-Insulated Motor 


Test 


Total exposure at 200 C, hr 

Total exposure at 200 C and gamma radiation, hr 

Total radiation dose to closest motor winding, megarads 
Winding resistance at 25 C, ohms Phase 1 
Phase 2 
Phase 3 
Average 


Insulation resistance, windings to frame, 500 vdc, megohms 
23-25 C, 42-73 per cent RH 
After 24 hr/30 C/100 per cent RH 


Capacitance, 60 cps, windings to frame, mmfd 
23-25 C, 42-73 per cent RH 
After 24 hr/30 C/100 per cent RH 


Dissipation factor, 60 cps, windings to frame 
23-25 C, 42-73 per cent RH 
After 24 hr/30 C/100 per cent RH 


* Unable to balance bridge. Measurements made using General Radio Co. No. 740 
BG Bridge. 

Note: The test motor was removed after 1000, 2000 and 4000 hr of operation in 
the radiation field so that the insulation properties could be measured. After each 
exposure, insulation resistance and other measurements were made between all 
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| 1000-hr in- 
Before test 


2000-hr in- 4000-hr in- 
spection period | spection period | spection period 


1050 2245 | 4673 
1004 2034 | 4023 
95 200 395 


1.674 | 667 
1.667 | 606 
1.673 | 612 
1.671 628 


> 106 > 108 
No test 1.3 


> 106 


No test 0.57 


1238 
No test 


1130 


1130 
No test ° 


1080 
* 


0.006 
No test 


0.005 
No test 


0.003 
>0.050 


0.003 
>0.050 


the windings and the frame. Resistance of each motor winding was also measured. 
Then the motor, with one end-bell removed, was subjected to 100 per cent RH 
at 30 C for 24 hr. Immediately after this humidity exposure, all measurements 
were repeated, followed by a hi-pot test at 500 volts (60 cps) for 10 min. The 
motor was then assembled and returned to the radiation source. 
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Current-Limiting 
Power Transformers 


For transformer loads having low initial 
resistance but ultimate higher resistance 
after heating, it is often necessary to limit 
initial current. A common method is to 
design the supply transformer to have a 


high equivalent series reactance. Al- 


though there are other applications for 
such transformers (as, for instance. to 
restrict circuit damage in the event of a 
short circuit), a principal use of current- 
limiting transformers is for filament pow- 


er supply. 


H. L. GARBARINO 
MAGNAFLUX CORPORATION 
Chicago, Illinois 


L. J. STRATTON 
Jack & Hertz, Inc. 
Cleveland, Ohio 


SINCE THE MAIN APPLICATION of current-limiting trans- 
formers is for filament power supplies, these will be 
discussed specifically. Materials used for electronic tube 
filaments have a high positive temperature coefficient of 
resistance. The cold filament resistance may be low enough 
to result in an initial current which is many times rated 
current. In tubes with small filaments having short thermal 
time constants and relatively low rated currents, the initial 
current has little detrimental effect. However, the current 
for large filaments must be limited to prevent damage 
resulting from thermal shock and mechanical forces. The 
resistance of a cold tungsten filament is typically one- 
tenth of its hot resistance. The user or designer of a fila- 
ment transformer should be aware of a possible current- 
limiting requirement whenever the rated filament current 
is greater than about 20 amp. A typical requirement is 
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A current-limiting transformer 
for filament-supply service. 


that the cold-filament starting current be limited to 150 
or 200 per cent of the rated current. 

This type of transformer provides current-limiting 
action as the result of high leakage reactance. This can 
best be achieved by providing a low-reluctance, leakage- 
flux path in the magnetic circuit. The use of magnetic 
shunts with suitable air gaps in series as shown in Fig. 1 
is the usual manner of providing the leakage-flux path. 
This type of shunt results in a confined, predictable leak- 
age-flux path, and also permits relatively simple adjust- 
ments by controlling the air gaps. It is feasible to make a 
design without shunts, but the required separation of pri- 
mary and secondary may be excessive to obtain sufficient 
reactance and, in addition, nearby structures may affect 
or be affected by the transformer. 

With an open secondary, the magnetic flux path of least 
reluctance is through the secondary winding, so that very 
little of the flux passes through the shunts, thus providing 
nearly the same open-circuit secondary voltage as though 
the shunts were not present. As load on the secondary 
winding is increased, the secondary ampere-turns oppose 
the flux induced by the primary winding, and part of the 
flux induced by the primary is diverted through the 
magnetic shunt path. Also, the secondary induced voltage 
will decrease since it is proportional to flux linking the 
secondary winding. 

The principal unique features in physical construction 
of a current-limiting transformer are the use of a shunt 
and the use of separate coil structures for primary and 
secondary windings. Since window space must be pro- 
vided for shunts as well as windings, the power rating 
attainable with a given core size will be typically about 
60 per cent of the rating of a conventional transformer 
using that core. As with other types of transformers, it is 
necessary to design without exceeding permissible heat- 
ing limits. 

Tests are required to evaluate the performance of a 
current-limiting transformer in addition to the usual ones: 
winding resistances, high potential, open-circuit voltage 
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Fig. 1—The use of magnetic shunts in current-limiting trans- 
formers. 


+ z 
s 


Fig. 2—Equivalent circuit of a current-limiting transformer. 


ratio, insulation resistance, and such. A test under load 
must be made to assure that the transformer can supply 
rated current at rated voltage. A typical tolerance on 
voltage is -— 3 per cent. Another test made is a current 
measurement with a constant load resistance equal to the 
initial value of the expected application. In place of this, 
a short-circuit current measurement is common when 
initial load resistance is a small fraction of final load 
resistance. 

Design Relations. Figure 2 shows a preferred equiva- 
lent circuit for representing the current-limiting trans- 
former. This circuit realistically uses a single series 
reactance and properly positions the winding resistances. 
It is also well suited to design considerations. It is pos- 
sible to identify all of the leakage flux with either the 
primary or the secondary by equally sound lines of 
It could be said that primary flux equals 
secondary flux plus leakage flux in the first case, or that 
secondary flux equals primary flux minus leakage flux 
in the second case. It is the usual use of two leakage rea- 
actance elements in an equivalent circuit that is un- 
realistic. 

The quantities that are usually specified for the current- 
limiting transformer are: 


reasoning. 


V, = primary voltage 

V, = rated secondary voltage 

I, = rated secondary current 

p = ratio of short-circuit current to rated secondary current 
When the transformer is delivering rated current at rated 
secondary voltage to a resistive load, an approximate 
(but sufficiently accurate) relationship among quantities 
shown in the equivalent circuit of Fig. 2 is: 


V,/n ; + IR + ,X)? volts (1) 
where 


n = ratio of primary turns to secondary turns 
R = R,/n?+R, 
ferred to the secondary 


total equivalent winding resistance re- 
leakage reactance referred to the secondary 
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When the load resistance is very small, such as that 
presented by the cold resistance of vacuum-tube filaments, 
the secondary current is very nearly the short-circuit 
current of the transformer. For this condition, the flux 
density in the shunt is higher than during the rated load 
condition. The reluctance of the shunt path is usually 
increased at the higher flux density, and the leakage 
reactance is thereby reduced. If reluctance of the leakage- 
flux path were due entirely to the non-magnetic portions. 
or if material permeability were constant, there would be 
no such change in reactance. In order to account for a 
variation in leakage reactance, the following ratio is 
introduced: 


_ leakage reactance at short circuit, p/, 
leakage reactance at rated current, /, 


Typical values of q range from 0.8 to 1.0. The higher 
values are representative when shunt flux-density during 
short circuit is well under the saturation density for the 
material, or when the permeability is practically constant, 
or when the reluctance of the magnetic shunt is much 
smaller than that of the air gap. 

An approximate relationship of voltages during short 
circuit, similar to Eq (1), is 


V,/n pl, v te + (Ay volts (3) 


Solving for leakage reactance X or the voltage V,/n from 
Eq (1) and Eq (3) gives the following equations: 


VV, + 21,R) + [2R? (1 1 /q?) 


Pel volts (4) 


vs n= pq \ 


Van V VV. + 21,R) — 12R* (p? — 1) ohms (5) 
I(p’q? — 1) 
Neglecting winding resistances for the moment, less accu- 
rate but more useful expressions for the primary voltage 
referred to the secondary and the leakage reactance in 
terms of initially known parameters are: 
pay, 


volts 
V PY l 


X = Ve ohms (7) 
Lv pe -1 
Since primary voltage V, is specified, Eq (6) also gives 
approximate turns ratio. 

Next consider the flux densities in different parts of the 
core. The highest density exists within the section sur- 
rounded by the primary winding, so this value must be 
selected according to limitations of the core material. 
Then, since induced winding voltages are proportional 
to the products of flux and turns, and since core cross- 
sections are normally the same, 


B, 


where 


B, and B, = secondary and primary flux densities 
N, and N, = 


E, and E, = secondary and primary induced voltages 


secondary and primary turns 

Then 

Reo Bow 9 
" E,/n %) 


where n turns ratio, N,/N,. Again neglecting winding 
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resistances for the moment, there is obtained 


B, (10) 


This equation indicates that for short circuit, secondary 
flux is zero, and that for open circuit, B, = B,, which are 
seen to be approximations of actual conditions. Leakage 
flux density is not necessarily equal to the difference of 
B, and B, because the shunt cross-sectional area need not 
be the same as that of the main part of the core. 
Primary current is most conveniently obtained by 
taking the quadrature sum of real and reactive power 
components and dividing this sum by the primary voltage, 
giving: 
I, = : /(W, + W. + Wi? + (W., + 2X) amp (11) 
D 
where 
rated secondary load in volt-amperes (resistive load 
assumed) 
W.. = total winding losses. watts 
W; = core losses, watts 
W., = excitation volt-amperes 
The terms VW; and W,, are calculated by using the flux 
densities in different parts of the core (primary part, 
secondary part, and shunt) to determine corresponding 
core loss and excitation per unit weight from basic data 
for the magnetic material used. The values are then 
multiplied by the appropriate weights to determine the 
totals. 
The last term in Eq (11) is leakage reactance volt- 
amperes, and this is determined by using X from Eq (7): 
[2X = - Le *volt-amp (12) 
Vp —1 
A final equation needed for the design of each winding 
is the familiar one derived from Faraday’s Law: 
} 1.44/NBA,; X 10° volts (13) 


where 
frequency, cps 
turns 
flux density, kilolines per sq in. 
= net core cross-sectional area, sq in. 


Except for the shunt parameters, the foregoing equa- 
tions provide the basis for designing or evaluating a 
given core and coil structure. The major function of these 
criteria is to give a correct secondary voltage when a 
suitable shunt is used. Corrections for the previously 
neglected resistance voltage drops are best made in a 
nearly completed design by increasing secondary turns 
by the fraction (/,R,/V,) and decreasing primary turns 
by the fraction (1,R, LP 

Shunt and Non-Magnetic Gap. Another design 
parameter is the gap in the magnetic shunt path. The 
actual gap as determined from trial and test is often 
different from that calculated. This is partly attributed 
to fringing effects of the flux path around the gap. Trials 
are usually made for determining the final gap dimen- 
sion in manufacturing, but it is desirable to calculate 
approximate dimensions of the shunt and gap. 

The actual shunt air gap is fixed, but an effective air 
gap may be defined as a length depending upon the total 
reluctance of the shunt flux path. Leakage reactance is 
inversely proportional to such an effective gap. Since the 
ratio of leakage reactance at short circuit to leakage 
reactance during load is defined as q, 
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where 

m, = effective gap at rated load, in. 

Mosc = effective gap at short circuit, in. 

The effective gap length may be calculated using the 
principle that the total magnetomotive force around a 
closed path is zero. During short circuit, it is assumed 
that the total magnetomotive force around the secondary 
appears across the shunt flux path, and therefore across 
the effective gap. 


0.49¢NAp V2 1.) = Hyl2.54 morc) (15) 


where 
Hose = magnetic field intensity in the gap during short circuit, 
in oersteds 
J, = rms secondary current (hence the factor ~ 2) 


For a non-magnetic medium, magnetic field intensity 

ose equals flux density, B,,,. Changing units for density, 
Hos, equals flux density, B,,,. Ch ts for density 
and solving for effective short-circuit gap, gives 


d s9 
4.52N., pl, i 


10°Bos. (16) 


Meso = 
where B,,. is the flux density in the gap during short 
circuit in kilolines per sq in. The effective gap during 
rated load should be close to the actual gap length and 
shorter than the above. Combining Eqs (14) and (16), 


4.52pqN.,l, 


10°Byec a7) 


m, = 
For a shell-type core, where two shunts are required, 
each shunt should have the gap length given by Eq (17). 
The flux density in the gap, B,.-, corresponds to the 
short-circuit condition and may be calculated by assum- 
ing that all the primary flux is carried by the shunt 
during this condition. A correction for fringing of the 
flux is not warranted, to judge from test results. A react- 
ance to give the correct load and short-circuit condition 
can usually be achieved by altering the thickness of the 
shunt, by adding or subtracting shunt laminations, or 
by changing the length of the gap. 

In determining the winding layout, space must be pro- 
vided for the magnetic shunt or shunts, depending upon 
the core type. Because the flux in the shunt is at a max- 
imum only during short circuit, the shunt cross-sectional 
area need not be as large as that of the remainder of 
the core. It is suggested that shunt area be at least two- 
thirds that of the core (and more, if necessary) so that 
shunt flux density during short circuit is never higher 
than the saturation flux density of the material. High 
shunt densities are to be avoided in cases where the ratio 
p is below about 1.3, so that changes in leakage react- 
ance can be kept small. 

The proper cross-sectional area of shunt may be ob- 
tained by varying shunt thickness in the direction paral- 
lel to the coil axes or, to a lesser extent, by varying 
length in the direction through the window. Normally 
the latter dimension will be the same as the core stack 
height. OOO 
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Effects of Temperature 
6n Magnetic Core Materials 


—— over temperature range 24 to 850 C 


Alloy type Trade name of sample Composition, per cent 


L-Silectron (grain oriented) 3 Si—97 Fe 
Transformer-A (non-oriented) 4.7 Si—96.4 Fe 


Silicon-iron 
11.7 Al 


15.5 Al 
3 Mo 


88.3 Fe 
84.5 Fe 
16 Al—81 Fe 


11.7 Alfenol (ordered) 
15.5 Alfenol (disordered) 
3 Mo Thermenol 


Aluminum-iron 


Vanadium-cobalt-iron Supermendur 2V—49 Co—49 Fe 


7-70 Perminvar 


Cobalt-nickel-iron 


7 Co—70 Ni—23 Fe 
Orthonol (grain oriented 
AEM 4750 (non-oriented) 
4-79 Mo Permalloy 


50 Ni—5S0 Fe 
47-50 Ni—47-50 Fe 
4 Mo—79 Ni—17 Fe 


Nickel-iron 


MICHAEL PASNAK and R. H. LUNDSTEN 
U.S. Navat OrpNANCE LABORATORY 
White Oak, Silver Spring, Maryland 


GROWING MILITARY DEMANDS for components to operate 
under extreme environmental conditions prompted this 
study of the effects of large temperature variations on 
the properties of magnetic core materials. Most of the 
important commercially available magnetic alloys were 
surveyed in order to prepare a guide for the design 
engineer, as well as to determine the need for future 
magnetic material development. 

The magnetic materials tested have wide application in 
transformers, magnetic amplifiers, relays, servomotors 
and similar devices. Thirty specimens, representing twelve 
different magnetic alloys, were tested, including the 10 
alloys listed in the table above.* 

Experimental Procedure. The cores were encased 
in uncovered, oversize, “non-magnetic” type 304 stainless 
*The authors also submitted data on Z-Silectron and Audio Transformer-A 
alloys which were omitted from this article (owing to space considerations) 


since they closely parallelled the properties and behavior of L-Silectron and 
Transformer-A alloys, respectively.—Ed 
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steel core boxes and wound with Silotex insulated wire. 
The laminations of the punched-ring cores were coated 
with magnesium oxide and further insulated from each 
other by 0.004 in. fiber glass laminations, while the con- 
volutions of the spirally wound tape cores were insulated 
only with magnesium oxide. 

Standard d-c ballistic test methods were used to ob- 
tain the static magnetic properties, while a new instru- 
ment, called the Ferrotracer, was used to obtain the 60 
cps dynamic loops (typical loops shown in Fig. 1) from 
which the tabulated a-c data to be presented were taken. 
(1)* The test cores were driven with a sine wave “cur- 
rent source” for all 60 cps dynamic loops. 

The temperature study, which was run in a resistance- 
type pot furnace with an air atmosphere, consisted of 
two phases. In the first phase, all materials were tested 
in 100 C steps, from 24 C to 500 C, or until the Curie 
point 7. of each material was exceeded, if 7. was below 
500 C. Tests were also made as the materials were cycled 
between 24 C and 500 C and allowed to cool first along 
curve A and finally, along curve B of Fig. 2. 

In the second phase, new specimens of those materials 
whose Curie points were above 500 C were tested at 24 C 


*Italic numerals in parentheses refer to Cited References at end of text. 
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L-Silectron 


Heated from 24C 
to 5OOC K7>) 
cooled to 24C 


+ + 4 
im Jen fe 
H ,oersteds 


Fig. 1—Dynamic (a-c) hysteresis loops for L-Silectron taken 
on the Ferrotracer. (1) Similar loops were taken for all other 


to 500 C, and then in steps of 100 C, until the Curie point 
was exceeded for each material. Each test core was then 
cooled along curve A and retested at 24 C. The total time 
spent at any given temperature was two hours; one hour 
to insure temperature stabilization, and one hour for 


testing. 

Conclusions. Most materials used in this study dis- 
play the normal characteristics of decreasing saturation 
induction, residual induction and coercive force with in- 
creasing temperature. The grain-oriented materials were 
more affected by temperature cycling than were the un- 
oriented materials. The effects of temperature cycling on 
the magnetic properties generally appear as an increase 
in the coercive force, a decrease in the maximum permea- 
bility, a decrease in the residual flux density and a de- 
crease in the squareness ratio with each temperature 
cycle. 

The magnetic properties of Supermendur, 7-70 Per- 
minvar, and the aluminum-iron alloys are critically de- 
pendent upon the cooling rates to which they are 
subjected. The silicon-iron materials are prone to severe 
oxidation when exposed to air at elevated temperatures, 


Definition of symbols 


SIOPE= max 


/ 


B- magnetic induction 
(gouss) ~~~_ 


H-magnetic field 


oercive 
Coerciv intensity (oersteds) 


force, He 


coercive force (coercivity) measured in oersteds 
Maximum or sOturation induction, measured in gauss 
residual induction (remanence) measured in gauss 
initial permeability ot &=20 gouss 

maximum permeability 

rectongulority or squoreness ratio 


24 C (return 


L-Silectron from 800 C) 


Heated from 24C 
to BOOC (>7,), 
cooled to 24% 


+&———_}+—__ ++ 
25 20 15 


H, oersteds 


alloys tested and used to derive the a-c data tabulated on the 
following pages. 


and this tendency suggests that consideration be given 
to hermetically sealing them in an inert gas or vacuum. 

The characteristics of each material studied are sum- 
marized on the next page, followed by a tabulation of 
their static (d-c) and dynamic (a-c) properties. Appen- 
dixed are the d-c induction (virgin magnetization) curves 
for each test temperature. O00 
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Fig. 2—Furnace cooling characteristics. Curve A is for cooling 
with cover on; curve B for cooling with cover off. 
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Summary of Characteristics 


L-Silectron 


Displays the normal characteristics of decreasing sat- 
uration induction, residual induction and coercive force 
with increasing temperature. Unlike the unoriented sili- 
con irons, the magnetic properties of L-Silectron deteri- 
orate with each temperature cycle, as can be seen in Fig. 
4 and the tabulated values of B,, B,, and B,/B,,. This be- 
havior may be a good indication that some degree of 
disorientation is taking place with each temperature 
cycle. Another contributing factor may be oxidation, 
which appeared as a heavy coating of rust along the tape 
edges. After 500 C (Fig. 5) the magnetic induction values 
decrease rapidly as 7, is approached and disorientation 
proceeds at a faster rate. 


Transformer-A 

Displays the normal characteristics of decreasing B,,, 
B, and H, with increasing temperature, but unlike grain- 
oriented L-Silectron, Transformer A is not affected by 
temperature cycling, Fig. 7. Furthermore, the induction 
values of this material, after three temperature cycles, 
are comparable to those of L-Silectron after the same 
number of cycles. Above 500 C the induction values of 
both materials are also comparable. 


11.7 Alfenol 


Previous studies have shown the optimum magnetic 
properties of aluminum-iron alloys to be related to atomic 
ordering within their crystal structures. (2) For alumi- 
num content below 13 per cent, Alfenol exhibits its op- 
timum properties in the order stated. Therefore the 
samples were prepared as ordered specimens. (Above 
13 per cent aluminum, optimum properties require a 
disordered condition in the crystal structure; therefore 
the 15.5 per cent alloy discussed below was prepared in 
the disordered state.) However, the ordering of the pre- 
pared sample was not complete because, as shown in Fig. 
9 and the tabulated data, many of the characteristics 
which decreased in value as the temperature was raised 
to 400 C actually showed a pronounced increase when the 
sample was heated from 400 to 500 C.* This was a good 
indication that further ordering was taking place. Further 
evidence of the beneficial effects of ordering is seen in the 
tabulation, where at 600 C the values of H,, p» and B,/B,, 
are superior to those measured below 500 C. 

The cooling rate to which 11.7 Alfenol is subjected 
has a critical effect upon the magnetic properties, as 
shown in Fig. 10. After the sample is first exposed to 
500 C and cooled to 24 C (along curve A, Fig. 2), B,, 
is somewhat reduced. After the second cycle (third 24 C 
curve) at the same cooling rate, there is only a slight 
change in B,,. But after the third cycle and a fast cool 
(along curve B), the decrease in B,, is drastic (fourth 
24 C curve, Fig. 10). Therefore, rapid cooling causes 
greater deterioration than slow cooling of 11.7 Alfenol. 


15.5 Alfenol 

Displays the normal characteristics of decreasing B,,, 
B, and H, with increasing temperature. Since this ma- 
terial has its optimum magnetic properties in a disordered 
state, slow cooling along curve A (which causes order- 


*The phase diagram of the aluminum-iron alloy system indicates the highest 
ordering of 11.7 Alfenol occurs at approximately 550 C. (3) 
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ing) effects a decrease in these properties, as shown in 


Fig. 12. 
3 Mo Thermenol 


This alloy behaves much the same as 15.5 Alfenol at 
elevated temperatures with one exception: as the sample 
is cooled from 300 C (approximately 7, for 3 Mo Ther- 
menol) to 24 C the maximum induction increases, instead 
of decreases. 


Supermendur 


This alloy differs from all others tested in that from 
24 C to 300 C there is approximately 10 per cent decrease 
in d-c coercive force and a 30 per cent increase in the a-c 
coercivity. Then, from 300 C to 500 C, the changes 
reverse as H, d-c increases 10 per cent while H, a-c 
decreases approximately 40 per cent. Furthermore, both 
the a-c and d-c B,, show sharp drops at temperatures 
above 300 C. Because the metallurgical processing of 
Supermendur requires a critical cooling rate to yield 
optimum magnetic properties, it can be expected that 
these characteristics will be destroyed by any other cool- 
ing rate —as is shown in Figs. 15, 16. From 500 C to 
750 C there appear to be two phase changes (4) oc- 
curring, as indicated by Fig. 16. Here, the 600 C curve 
lies above the 500 C curve and the 750 C curve lies above 
the 700 C curve. Upon cooling from 800 C to 24 C, the 
magnetic properties are very poor. 


7-70 Perminvar 


Like Supermendur, this alloy depends upon cooling 
rate for the desired magnetic properties. From 24 C to 
500 C, B,,, B, and H, decrease with temperature. The 
temperature cycling curves, Fig. 18, show that induction 
decreases with each cycle while H, increases. Heating 
above 7’. seriously affects 7-70 Perminvar’s square-loop 
characteristic, as shown by the bottom curve of Fig. 19. 


Orthonol 


This alloy was tested as both a tape-wound and a 
laminated core but showed only minor differences in 
performance for the two constructions, Figs. 20-23. The 
60-cycle dynamic loops (not shown) for this grain- 
oriented nickel-iron alloy indicated only a small loss of 
rectangularity with increasing temperature. But upon 
returning to 24 C from 500 C, a new dynamic loop is 
obtained with smaller H,, B, and B,, for the same Hac. 
The temperature cycling curves of Figs. 21, 23 show a 
decrease in B,, and imply an increase in H, for each cycle. 


AEM 4750 

This unoriented nickel-iron alloy behaved similarly to 
Orthonol, except that temperature cycling had little effect, 
Fig. 25. 


4-79 Mo Permalloy 


Displays normal characteristics of decreasing B,, B, 
and H, with increasing temperature. After the first tem- 
perature cycle, the same temperature cycling had little 
effect on the magnetic properties, Fig. 27. With a proper 
anneal, however, 4-79 Mo Permalloy can probably be 
made to retain the initial values of its magnetic prop- 
erties (as listed in the table) even for the first tempera- 
ture cycle. 


Tabylation of A-C and D-C Magnetic Properties 
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A-C and D-C Magnetic Properties 


Test Conditions D-C Properties (at H.. = 30 oersteds) A-C Properties (60 cycles) 


Procedure 


L-Silectron (spiral tape: 154 in. ID, 2 in. OD, 0.004 in. thick) H.. = 2.5 oersteds 


16,000 


| 

1000 | 000 84 5,500 18,500 

Sample 1 heated to | 15'800 
| 


3200 | 28.000 82 000 | 18.200 
500 C (<T-), then 3600 ‘000 | 0.80 ‘300 18/000 


cycled between 24 3600 30,000 78 , 500 17,400 
C and 500 C 2500 000 75 | 400 16 ,600 


15,600 
15,100 
14,600 


670 25,200 9400 15,400 
1900 22,000 | 13,600 18,400 
600 | 000 | 8400 15,600 
1900 000 12,900 18,400 
| 000 | 7900 15,600 

| 12,500 | 18,400 


Sample 2 heated | 23, 14,500 18,400 


400 
above 750C (>T.), 500 | 24: 3s | 4900 | 14.000 


then cooled to 24 C | 28,000 4700 10, 200 
4400 | 300 1800 4700 


12,900 
15,600 
12,300 
15,300 


* ooooc|;ooceo 
-oocoo;coocoeo 


13,800 | 15,600 
9000 12.400 
6300 9700 
3800 | 8400 
2400 | 4100 


coocoo;coocoece | cocceco 








A 





3500 18, 200 0 13 ,800 17,200 3 12,400 14,200 | 0.56 


Transformer-A (toroidal laminations: 154 in. ID, 2 in. OD, 0.015 in. thick) Hoc = 5.8 oersteds 


4 790 700 ; | 9500 900 10,800 ,500 
am 

a Ee a 60 1300 900 : 9300 | 700 | 10,700 ‘500 
: (<T-), then 1200 200 58 | 8500 ‘600 ‘ | 10.000 900 

cycled between 24 3 1300 300 7800 400 - 9400 ,800 


C and 500 C 1200 3,000 7000 ,300 8600 , 200 


470 000 6600 ,000 
780 100 9700 , 800 
500 000 6700 ,000 
790 3,000 10,000 ,800 

000 6800 ,000 
850 900 9600 , 800 


8000 ,900 
,300 


8100 | 11,900 
10,900 13,300 
11,600 | 13,300 

9200 | 11,900 

7700 | 11,200 

5800 | 9700 


Sample 2 heated | 1100 12,400 10, 200 14,500 

“ | § 900 16.300 52 7300 13/800 
to 750C (>T.), 2700 18200 41 5400 13.300 
then cooled to 24 C 4500 23 600 33 3300 | 10,100 


cooo;oooceoeo 


3500 35.000 28 | 1600 | 5600 
1000 | 8800 51 7300 14,200 


30007 | 46004 
10,000 | 12,800 





oo 


014 in. thick) H.. 


Sample 1 heated to 3400 30,000 ’ 4500 ,300 
500 C (<T.), ther 4000 35,600 : 4200 ,900 
. c/s Co 2970 13,000 2200 , 200 
cycled between 24 ; 520 9000 1700 300 


C and 500 C 370 8000 2500 | .300 


410 35 ,000 3 3900 , 800 
390 30 ,600 4200 | 3,900 


0 

0 

0 

0 

0 

0 

0 433 
400 ,800 | q 3900 | 400 0 

0 

0 

0 

0 

0 

0 


380 
430 
370 
520 


3700 000 | 4000 3,800 
800 31,400 3700 | ,400 
2000 5,700 | 4100 3,500 


Sample 2 heated 1000 | 40/000 43 $000 | 11,400 
to 700 C (>T.), 10,000 50,000 | 35 3000 8600 
~ooled to 24 C 


088 
091 
055 


380 
320 
250 


ecoo;ooooce , coceoc 


4000 | 20,800 | 0.24 3500 15,100 0.089 , 0.356 
014 in. thick) ' 6 oersted 


Sample heated to 4600 ,000 é 3700 7900 0.079 4200 5100 165 

: 5000 200 ; 3000 7600 029 | 3500 4700 153 
400 C (>T-.), then 4 5500 ‘900 1800 6600 030 2600 3400 147 
cycled between 24 2900 | 32,400 1500 5600 027 | 1000 | 1500 130 
C and 400 C : 











1300 31,100 3600 ‘7900 0.067 3600 4500 | 0.221 


1000 28 ,000 0.45 "3600 “'g000 | 0.072 3600 | 4500 | 0.225 


3 Mo Thermenol (toroidal laminations: 15¢ in. ID, 2 in. OD, 0.014 in. thick) H.. = 0.6 oersted 


Sample heated to 24 6300 | 100,000 0.46 2500 5400 0.018 0.78 2800 
300 C (>T.). then | 100 7800 | 164,000 0.53 2600 5000 0.017 0.82 2800 
< ce)» | 200 8500 73,000 0.36 1200 3400 0.010 0.74 1700 
cycled between 24 | 


C and 300 C | 300 la . | - 
24 2600 75,000 5: 2900 | 5500 0.030 0.84 3200 | ° 3800 | 
300 ip 


24 *" 2200 68 ,000 0.3 1900 "”§400 0.031 0.82 2800 "3400 | 


Supermendur (spiral tape: 15< in. ID, 2 in. OD, 0.002 in. thick) ac = 2.5 oersteds 


| 
Sample 1 heated to 60.000 0.88 21,000 : ,000 400 
> 65,700 0.89 21,200 7 600 700 
500 C (<T,), then 67.300 | 0.84 19 600 3" ‘700 "500 
cycled between 24 77,300 0.84 19, 200 : § 3 ,800 ,300 
C and 500 C 25,000 0.68 15,300 ; 800 000 


25,800 0.61 13,200 . ,700 15,700 
16.100 | 0.56 13,000 | ‘300 17.400 


|oo | Omer 
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Test Conditions 


Sample 1 (cont.) 


Sample 2 heated to 
850 C (>T.), then 
cooled to 24 C 


coooo;coooo 





on ‘ a . seh 


. OD, 0.014 in. thi H,. = 4.0 oersteds 
| 





11,000 
10,900 
10 ,600 
10,100 

9300 


11,200 
11,000 
10,500 
9900 
9700 


Sample 1 heated to 
500 C (<T,), then 
cycled between 24 
C and 500 C 


7300 
10 ,300 
7100 
10,000 
8000 
9900 


8100 
11,100 
7900 
10,800 
7900 
10 ,600 


-OrOoKo | CORR 


11,800 
7900 
5100 


10,100 
6900 


700 C (>T,), then 3900 


cooled to 24 C 


coo|}|jcoooooo, ceoceo 
eco|;cooceco; ceoceo 


ooo; oooccne ooooce 
NNN RK fe ow SDOnag 


lee cea a ee 
Sample 2 heated to 
| 


oo-= 

















3200 § "9700 


Orthonol (spiral tape: 15 in. ID, 2 in. OD, 0.002 in. thick) H.. = 1.0 oersted 


mple heated to 24 «| 310 | ,300 | 14,500 15,100 0.14 ‘ 14,700 | 0.53 
a (>T.), th 100 360 ,000 | | 13,800 14,500 | 0.13 ; 14,300 | 47 
e), then 200 470 ,000 | | 12,400 13,300 | 0.13 : 12,700 | 0.39 

cycled between 24 300 | 720 | 000 10,200 11,300 0.12 3 10,700 | 0.25 


C and 500 C 400 1100 | ,000 7400 8500 0.16 7800 | 0.19 


500 
24 1300 | ,000 } 12,700 | 14,300 0.22 3, | 14,400 0.42 
500 A | 
24 980 ,000 | 14,000 | 15,100 0.27 
500 B | és 
24 | 1000 ,000 | 13,900 15,000 0.27 13,600 14,100 0.41 


Orthonol (square laminations: 1.75 inner side, 1.875 ou 0.002 in. thick) H,, 1.0 oersted 


24 800 | 66 ,000 14,100 | 15,700 | 0.16 0.99 | 13,800 | 14,100 | 0.45 

100 1500 | 53,000 13/200 | 15,000 | 0.19 0.99 | 13.200 | 13.400 | 0.40 

500 C (>T,), then 200 4100 | 35,000 10.500 | 13,500 | 0.20 0.92 10.700 11,600 | 0.31 

cycled between 24 300 7700 | 26,500 7200 11,400 | 0.18 0.80 7400 9200 0.26 
| 


C and 500 C 400 7400 26,300 4600 8200 | 0.12 0.74 4800 6500 | 0.19 
500 


24 A 1200 | 50,000 | 14,000 | 15,700 | 0.22 0 98 13,500 13 ,800 0.43 
500 | | 

24 pA 1600 | 49,000 13,800 | 15,600 | 0.23 
500 B 


24 1700 46,100 13,700 15,500 0.23 0.98 13,500 13 ,800 0.42 








AEM 4750 (toroidal laminations: 15¢ in. ID, 2 in. OD, 0.014 in. thick) H.. = 3.0 oersteds 


100 5800 ,400 67 9400 14,000 | eT 9700 11,700 | 66 
200 6100 ,300 | 60 7500 12,500 g : 8500 11,300 55 
300 | 20 ,400 30,400 | 51 5100 10,100 2 6900 9400 41 
400 16,900 ,000 | 2700 | 6000 4000 | 5800 30 


500 


24 | 4600 000 0 | 10,000 14,500 10,200 11,800 73 
500 


24 A 4500 ,000 10,000 14,400 | 10,200 11,700 72 
500 B 


24 4600 ,000 9900 14,500 10,200 11,800 72 


500 C (>T.), then 
cycled between 24 
C and 500 C 


’ j | 
Sample heated to | 24 4600 ,000 | 69 10,000 14,600 10,300 11,700 | 73 
| 
| 


4-79 Mo Permalloy (toroidal laminations: 15< in. ID, 2 in. OD, 0.014 in. thick) H,,. = 0.62 oersted 


Sample heated to 24 ,000 133 ,000 5800 8700 81 6600 8100 143 
500 C (>T.), then 100 3,000 | 143,000 5600 8400 81 6300 7800 138 
: ce)» 200 ,200 | 127,000 4100 7600 77 5500 7100 118 
cycled between 24 300 900 87 000 2700 6400 70 4200 | 6000 094 


C and 500 C 400 .500 62,000 : | 1500 4300 62 2600 | 4200 072 
.300 62,000 : 1000 | 2800 | 71 =| 1700 | 2400 058 


, 200 261 ,000 6400 8600 84 6800 8100 143 
200 261 ,000 < 6300 8600 84 | 6800 8100 143 


.800 259 .000 6500 8600 x 84 6800 8100 143 
+ Approximate values. “ a 
t Approximate value when heated to 800 C and then cooled to 24 C. D-C Magnetization Curves 
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D-C Magnetization Curves 
L-Silectron 


‘24 C (after 500 C) 








oe Acree eneerreeneeetieermmesmetia 
08 l2 16 20 24 0 0.4 08 12 16 20 24 


H, oersteds H, oersteds H,oersteds 


Fig. 3—Sample 1 heated from 24 C to Fig. 4—Sample 1 cycled between 24 C Fig. 5—Sample 2 heated from 24 C to 
500 © (less than Curie temperature, T',) and 500 C, 800 C (greater than T,, and then cooled 
and then cooled to 24 C. to 25 C. 


Transformer-A 


C (before & after 500 C) 
24 C (start) 

24 C (return) 
500 C 

600 C 


8 500 G (ist & 2nd & 3rd) 


124 C (4th) 


a a 
$ 3 
3 
3 ° 
> o 
& 2 
= x 
om 


o 


24C (Ist) 


24C(2nd) 





i elcensencasatie aterm 


2 1.6 . a ? 0 12 16 ( 2.é 04 08 Le 
H,oersteds H, oersteds H, oersteds 


Fig. 6—Sample 1 heated from 24 C to Fig. 7—Sample 1 cycled between 24 C Fig. 8—Sample 2 heated from 24 C to 
500 C (less than T..), then cooled to 24 C, and 500 C. 750 C (greater than T,.), then cooled to 
24 C. 


11.7 Alfenol ———----------- — 


24 C (return) 
<24 C (start) & |OOC 


200 C 

500 C 

300 C 

400 C > 2nd & 3rd 500C 
ist 500 C 








1 L 4 ll 4 “ : VA 
- 1; i6 7 ) 08 1.2 1.6 20) 6024 
o8 12 6 20 24 H, oersteds 


H,oersteds 
Fig. 9—Sample 1 heated from 24 C to Fig. 10—Sample 1 cycled between 24 C Fig. 11—Sample 2 heated from 24 C to 


500 C (less than T.,), then cooled to 24 C. and 500 C. 700 C (greater than T,,), then cooled to 
24C. 


H, oersteds 
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B, kilogauss 


” 
” 
3 
3 
> 
= 
= 
ao 


15.5 Alfenol 


2nd 24C (ofter 400 C) Ist-24C 


x 
3rd-24C 


Oo 


0 0.04 020 024 


008 Ol2 O16 


H, oersteds 
Fig. 12—Sample heated to 300 C (less 
than T,.) and then cycled between 24 C 


and 400 C (greater than T,). 


Supermendur 


24 
100 C 


24 C (start) 
200 C 
300 C 


22 


24C (after 500 C) 


B, kilogauss 


1.2 16 20 24 28 
H, oersteds 


0 
0 04 08 


Fig. 14—Sample 1 heated to 500 C (less 
than T,,) and then cooled to 24 C. 


7-70 Perminvar 


24C Ist 


B, kilogauss 


=" all J 
03 OF OS O06 


H, oersteds 


Fig. 17—Sample 1 heated to 500 C (less 
than 7.) and then cooled to 24 C, 
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| B, kilogauss 


3 Mo Thermenol 
Fig. 13—Sample heated to 200 C (less 
than T,,) and then cycled between 24 C 
and 300 C (greater than T.,). 


24 C-Ist 


24 C-2nd 
wet C-3rd 
@24C-4th 
“500 C- 

Ist and 2nd 

500 C-3rd 


500C- 
Ist and 2nd 


24C-4th 
(after 500 C) 


0 
oO O04 08 12 16 20 24 28 


H, oersteds 


Fig. 15—Sample 1 cycled between 24 C 
and 500 C. 


24C (ist) 


24 C (2nd) 
24 C (3rd) 
24C (4th) 


1 | 
04 05 
H, oersteds 


Fig. 18—Sample 1 cycled between 24 C 
and 500 C. 


B, kilogouss 


24 C (after slow cool) 


fast cool) 


24 C(start) 


004 008 Ol2 O16 O20 0.24 
H, oersteds 


a 29 Clafter 800 C) 

FL hen nf | 

04 O8 |2 16 20 24 28 
H, oersteds 


Fig. 16—Sample 2 heated to 800 C 
(greater than T..), then cooled to 24 C, 


kilogauss 
D @ 


po 


B, 


4, oersteds 


Fig. 19—Sample 2 heated to 700 C 
(greater than 7',), then cooled to 24 C, 
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B, kilogauss 


D-C Magnetization 
Curves 


(continued from preceding page) 


Orthonol , square laminations) 


24 C (start) 





03 04 O5 


H, oersteds 
22—-Sample | heated to 500 C 


Fig. 
), then cooled to 24 C, 


(greater than T, 


AEM 4750 


(Start and return from SOOCK\Y 
24C 
100 C 
200 C 


300 C 





O ice a 1 ie 
Oo 004 008 O12 O16 O20 024 


H, oersteds 


Fig. 24—-Sample 1 heated to 500 C 
(greater than T.), then cooled to 24 C. 
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Fig. 
(greater than T..), 


24C (start) 
1j0O0 C 


24c 
200 C 


B, kilogauss 


04 


02 03, 


H,oersteds H, oersteds 
Fig. 21—Sample 1 cycled between 24 C 


and 500 C. 


heated to 500 C 


20—Sample 1 
then cooled to 24 C. 


4-79 Mo Permalloy —O. 


24 C (start) 
24C 


(return 


o 
o 
7 
° 
ao 
2 
x 
ao 


0 
004 008 Ol2 O16 O20 024 


H, oersteds 


Sample 1 heated to 500 C 


Fig. 26 
then cooled to 24 C. 


(greater than T,), 
Fig. 23—Sample 1 cycled between 24 C 24 C-2nd & 3rd (after 500 ¢ 
and 500 C, 


24C-4th (after 3rd 50 


24C-iIst & 2nd 


24C-3rd & 4th 


B, kilogauss 


| | = J nemneni 
0.04 008 O12 O16 O20 024 


—_ os 


020 024 0 


= wollen i 

008 Ol2 O16 
H, oersteds H, oersteds 

Fig. 27—Sample 1 cycled between 


Fig. 25—Sample 1 cycled between 24 C 
24 C and 500 C. 


and 500 C. 
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T. H. HERRING 
BorEING AIRPLANE COMPANY 
Seattle, Washington 


THE PROBLEMS CREATED BY magnetic coupling between 
circuits in any large electrical system or equipment are 
well exemplified by those found in the wiring systems of 
large airplanes. In such cases the problems are made 
especially important by such factors as the small space 
in which wiring must be confined, the extreme sensi- 
tivity of low-level control circuits, and the use of 400 
cycles as the frequency for many different functions, 
including power, computation, control, indication, light- 
ing, and communications. 

We are concerned here only with magnetic coupling 
since the widespread use of shielding on sensitive cir- 
cuits effectively counteracts electrostatic coupling. Mag- 
netic coupling, however, is not so easily prevented. It 
can be controlled by the proper choice of wire or cable 
type, by the proper grouping of wires in cables and 
harnesses, and by proper routing. None of these is a 


OCTOBER 1959 


Controlling 
Magnetic Field Interference 
In Wiring 


Electrostatic pickup in complicated wiring systems can be relatively 
easily controlled by proper shielding. Pickup from magnetic fields, 
however, is not so readily prevented. Proper routing of circuits is the 
most logical and effective way of controlling this detriment to accurate 
operation of systems involving precise, low-level sensitive circuits, such 
as those found in large airplanes. The determination of the proper 
spacing in this routing is the design engineer’s problem and analysis 


of the circuits using a convenient nomograph can help him solve it. 


cure-all and all are equally important. Our concern is 
with proper routing, since it is the most difficult means 
of control to obtain and failure to achieve it can undo 
benefits gained elsewhere. 

Before going further into the problem of routing, it 
is well to point out that practically all problems of audio- 
frequency magnetic interference could be avoided if all 
circuits were “single-point” grounded. However, the use 
of double grounding and ground loops of various sorts 
in order to reduce the total amount of wiring and thus 
cut down on weight is so widespread that measures to 
reduce interference must be considered. 

General Approach. The primary problem in de- 
termining proper wire routing is one of estimating 
mutual inductances between circuits and then routing 
the wire so that the inductances will have minimum 
effect. A direct approach to the problem is not practical, 
however, since the calculation of all the mutual induc- 
tances would be too laborious. It is convenient, therefore, 
to assign a “figure of merit” to every circuit and assume 
that the proper spacing between any two circuits can be 
determined from the respective figures of merit. This 
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wire 
Fig. 1—Definition of a “model” of a typical interference source 
cireuit showing location of magnetic field to be considered. 


wir€ 


Fig. 2—-Determination of magnetic field strength of a model 
source circuit. 


Fig. 3—Definition of a “model” sensitive circuit with induced 


interference voltage. 
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Fig. 4—Nomograph used to determine proper spacing between 
circuits using as parameters the current (or wire size), fre- 
quency and circuit width of the interference source circuit, 
and the allowable threshold field strength which the sensitive 
circuit can tolerate. 
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method has the advantage of being applicable to equip- 
ment such as amplifiers as well as to wiring. 

We will group the circuits with which we are con- 
cerned into two classes: sensitive circuits (those in which 
a detrimental interference might easily be produced) and 
source circuits (those capable of generating interference 
in sensitive circuits). Some of the possible parameters 
and variables which might be considered in connection 
with these circuits are as follows: 

Sensitive Circuits Source Circuits 
Current 
Number of phases 


Nominal signal level 
Threshold signal level 
Impedance 
Frequency response 
Shield loops 


Phase balance 
Harmonic content 


Circuit width and length 

Circuit type 

Geometry (curves) 

Distance from structure 

Figure 1 represents a “model” of a typical source 

circuit. The “hi” and “lo” designations on the wires refer 
to their potential with respect to ground. Note that end 
effects are ignored by assuming that the circuit is in- 
finitely long. We will calculate the flux density B of this 
circuit as a function of the distance X, as shown in the 
diagram. Thus 


uN! 


3 
. l 


where 


= permeability 


Mu 
N = number of turns = 1 
I 


= current in the circuit 
1 = length of magnetic path 
In Fig. 2 the value of B for the two wires is the vectorial 
sum of the field created by each wire separately, or 


B Bi + B,; 


ul ene 


Ses x24 " Qn X (vector sum) (1) 


The magnitude of the sum can be reduced to 


B a joe 
2nX Vit+sB 
where 8 = X/D. 

It is interesting to note that the field resulting from 
the two wires differs from that due to just one wire only 
by the presence of the radical in the denominator. The 
radical indicates the canceling effect of the return current. 
The location at which we choose to determine the flux 
density was decided upon because, with certain excep- 
tions, the field is stronger in this area than any other. The 
field in the plane of the circuit is weaker than our chosen 
field except between the two wires. The field along a line 
normal to the circuit and bisecting the circuit is a little 
stronger at a distance but weaker close to the circuit. 

Based on Eq (2) and assuming that the current is 
known, the figure of merit for the source circuit will 
be the circuit width, D. That is, the smaller it is, the 
weaker is the magnetic field and the smaller the value 
of X can be. 

Now we must consider the model sensitive circuit 
(Fig. 3). It is assumed that the circuit is subjected to 
a uniform field B normal to the circuit. The induced 
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voltage calculated on this basis will be on the safe side 
of the actual voltage if we use for the field strength the 
maximum value occurring anywhere in the circuit. The 
voltage E = wBA is that induced in the circuit by 
magnetic coupling. From other information about the 
signal, its source, the load, ete., the maximum allowable 
interference voltage which can be tolerated can be deter- 
mined for each particular circuit. Then the figure of 
merit for the sensitive circuit, the threshold value of 
flux density which can be tolerated for a given circuit 
area, can be determined from 


maximum allowable 


B (threshold) = . 


In summary, we have proposed that all sensitive cir- 
cuits can be represented by simple, two-wire circuits 
whose voltage threshold and area are judiciously selected. 
In this way it is convenient and possible to take into 
account the actual circuit quantities of voltage level, 
frequency response, length, width, circuit type, and double 
grounding. Equipment known to be sensitive can be as- 
signed flux density tolerances directly. 

Nomograph. Having determined the figures of merit 
for both a source circuit and a sensitive circuit, it is 
necessary to devise some means of determining from 
them the distance required between circuits without a 
great deal of exhausting calculations. To do this a com- 
bination nomograph and slide rule, similar to that shown 
in Fig. 4, can be constructed. This one is for source cir- 
cuits carrying 400 cps or those with higher harmonic 
content. To use the nomograph, the point marked 400 
cps, for example, on the slider is positioned opposite 
the sensitive circuit threshold flux density value. Then, 
selecting the appropriate power current or wire size, a 
vertical line is drawn from this value to the curve repre- 
senting the circuit width of the source circuit. The in- 
tercept of these two lines is then read off on the ordinate 
scale, thus yielding the required routing distance. For 
circuits with a high harmonic content the slider is 
positioned on “harmonic” rather than “400 eps.” 

We have outlined, in principle, a method whereby a 
wiring and equipment installation designer can control 
the handling of his circuits by wire layout personnel. 
A ground rule in the development of the method was 
to account for a sufficient number of variables, but not 
too many. If the method were unworkable due to being 
too cumbersome, its accuracy would be wasted. 

The priority given to interference requirements on 
wire routing compared with safety and convenience 
considerations is a matter of policy; however, require- 
ments with some sort of engineering basis should have 
more authority than qualitative recommendations. 

Applications. Requirements of simplicity and work- 
ability can modify the method described here in several 
ways. Possibly the most basic problem is the estimation 
of the coupled length which is common to both the 
source circuit and the sensitive circuit. When a designer 
rates a sensitive circuit at 0.05 gauss, for example, he 
must have in mind the length which will be exposed to 
this field. He may find it convenient to assume an 
arbitrary fixed length of 15 ft in all cases or to use the 
full length of the sensitive circuit. Either assumption can 
cause inequalities in routing treatment. 

For non-twisted circuits, it is evident that a higher 
flux density can be tolerated for a length of a few inches 
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than for a length of 50 ft. Satisfactory ways of handling 
this aspect can be developed. It might be feasible to 
include in the nomograph a provision for inserting 
coupled length. If this were done, the measure of circuit 
susceptibility should be changed from “flux density” to 
“total flux divided by circuit width.” 

Twisted sensitive circuits can stand almost any flux 
density, provided it is uniform. To protect against non- 
uniform fields, however, these circuits should be assigned 
a small effective area (15 ft by 4% in., for example). 
Connectors and terminal strips inserted in twisted cir- 
cuits have easily measurable effective areas and fit 
nicely into the analytical method. This method does not 
take into consideration bends and extreme irregularities 
in circuit paths, it being assumed that results obtained 
for straight circuits will be ample protection where bends 
occur, 

The complexity of the wire layout task in using this 
method can be greatly reduced by bundling circuits of 
one type into discrete classes and treating the class as 
one circuit. This reduces the number of curves on the 
nomograph, puts convenient indices on the flux density 
scale, and simplifies the designer’s choices. 

Harmonic content in the source current is readily 
allowed for by giving the model circuit a higher current 
value than actually occurs in the circuit. In effect this is 
what is accomplished by the index on the slider of the 
nomograph. 

The use of this method of determining wire routing 
in dealing with unbalanced circuits is best explained by 
an example. Assume a three-phase circuit, 2 in. wide, 
mounted on spacers. If the circuit is balanced, it is 
considered to be equivalent to a 2-wire, single-phase 
circuit 114 in. wide having a current equal to the bal- 
anced current. If, however, the circuit is 50 per cent 
unbalanced, the rating must be changed since part of 
the current is flowing through the structure some dis- 
tance away. The circuit thus has an effective width greater 
than 2 in. but less than the structure distance. The method 
can accommodate this situation by assigning a circuit 
width of some suitable intermediate value, say 6 in., to 
the model circuit and a current equal to the largest 
phase current. 

Precision d-c power supply circuits can pick up suffici- 
ent 400-cycle ripple to affect their usefulness in compu- 
tational or other close-tolerance circuits. D-C circuits 
can be adequately protected using this method if the 
tolerable ripple level is known. It is merely necessary 
to figure the threshold flux density which would cause the 
tolerable ripple. In airplane applications, these circuits 
invariably have large effective areas because they are 
designed to have ground returns through the structure 
of the plane. Further, since the load end always has a 
much higher impedance than the source end, most of 
the induced noise voltage appears across the load. 

Another special airplane application occurs in the 
consideration of source circuits which use the structure 
for a ground return. Because of the irregularity of the 
structure’s surface, it is common to assume a circuit 
width of 20 in. for all such cases. OOO 
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A Double-Integration 
Hydraulic Servo 


The extreme accuracy and quick response 
required in acquiring and tracking a tar- 
get are responsible for the unique design 
features of this electrohydraulic servo 
system which drives the tail turret of the 
B-52 bomber. Double integration in the 
Servo provides constant-velocity tracking 


with no error. 


D. J. MAGER, Senior Development Engineer 
Arma Division 

American Boscu Arma Corporation 
Garden City, N. Y. 

O. A. WALKER, Applications Engineer 
Vickers, INc. 

Division of Sperry Rand Corporation 
Detroit, Michigan 


OPERATING CONDITIONS AND REQUIREMENTS for accuracy 
and reliability place unusual demands on the design of 
the control system for the gun turrets of long-range 
bombers such as the Boeing B-52. Such a system must 
seek, locate and lock on a target, direct the gunfire and 
track the target to destruction in the highly adverse 
environmental conditions encountered at high altitudes 
and high speeds. To accomplish these tasks in the tail 
turret of the B-52, the Arma Division of American Bosch 
Arma Corporation has developed and designed a system 
which utilizes a hydraulic servo engineered and produced 
by Vickers, Rand 


Corporation. 


Incorporated, Division of Sperry 

A schematic of the complete hydraulic system is shown 
in Fig. 1. The system acts in response to an order signal 
from the radar antenna (not shown in the diagram). 
The order signal is applied to a torque motor on the 
turret gyroscope, causing it to precess. The precession 
of the gyro generates a signal in a microsyn to indicate 
the desired new position of the turret. This signal is 
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amplified and compared to the present position and the 
difference between the two, the error signal, is applied 
to a torque motor in the hydraulic pump unit. The 
hydraulic controls and motor then drive the turret to 
the new position. 


Double-Integration System. The most common 
form of servo contains only one stage of integration, 
usually in the servo motor.* A block diagram of a 
servo of this type is shown in Fig. 2, where 

6in (p) = Laplace transform of input 

6. (p) = Laplace transform of output 

K = open-loop gain 
T = system time constant 
p = Laplace transform operator 


The closed-loop transfer function for Fig. 2 is 


6. (p) "4 K/T 


in (p) () 


p* + rp + K/T 
For a step input of amplitude D, the Laplace transform 
of the input is 
6in (p) = D/p (2) 
The output in this case, as a function of time, is 
0,(t) = D 


For a ramp input (constant velocity) of magnitude jy 


+ transient solution (3) 


Win 


Bint 
(p) p 


(4) 


and 


6(t) = wint — K + transient solution (5) 
By adding a second stage of integration, the system 
whose block diagram is shown in Fig. 3 is obtained. 


In this case the transfer function is 


Op) __ K/T 


Gin(p) 
4 re’ + K/T 
Just as before, for a step input 
6in(p) = D/p (7) 
and 


6.() = D + transient solution (8) 


*See “Automatic Control System Design, 3—Frequency Response and Transfer 
Functions,”” Ira Ritow, Execrricat Manuracrurinc, June 1959, p 129. 
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Fig. 1—Schematic diagram of complete electrohydraulic servo system. 


But for a ramp input 

(9) 
Thus it can be seen [Eq (3)] that a single integration 
servo follows a position input exactly after the transient 
has subsided. However, the same servo will have an 
error (w\,/K) when following a velocity. This charac- 
teristic error is known as velocity lag. 

Equation (9) indicates, however, that a double in- 
tegration follows an input velocity without a 
velocity-lag error after the transient subsides. This is the 
primary advantage of a double-integration system and 
is the reason for its use in the tail-turret control system. 
Such a system, of course, has one big disadvantage in 
that it is inherently unstable. This is shown by the fact 
that there is no p term in the denominator of Eq (6) 
(Routh’s criterion). Various steps have been taken in 
this system to insure stability. 


6,(t) = wint + transient solution 


servo 


Fig. 2—Block diagram of single-integration servo. 
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A double-integration should be considered 
when the output shaft of the servo is required to follow 
a high input velocity such as that encountered here when 
the system is tracking a fast-moving target. The velocity 
lag of the single-integration system is proportional to 
input velocity and inversely proportional to system gain. 
To keep the velocity lag small when input velocity is 
high, the single-integration system would require a high 
gain, which would probably lead, again, to instability. 
The choice of one system in lieu of the other can only 
be made after complete analysis of the alternatives. 
Electrohydraulic Components. To minimize sys- 
tem limitations, careful selection of individual com- 
ponents and analysis of the methods of integrating them 
into the system are two of the most important aspects 
of servo-system design. The hydraulic servo pump and 


system 


the motor used in the B-52 turret drive are shown in 


Go (p) 


SS 





Fig. 3—Block diagram of double-integration servo. 





Fig. 4—Variable-displacement servo pump (a) and 


Fig. 4. Many factors were considered in selecting these 
components: performance, weight, size, reliability, life 
and power-amplification capabilities. The size and re- 
liability characteristics of the units chosen are either 
equal to or more favorable than any other types of 
equipment that might have been selected. For example, 
the piston type of hydraulic motor offers an extremely 
high torque-to-inertia ratio. This was one of the guiding 
considerations in attaining the required system response. 

The electrohydraulic pump designed for this drive 
has a dry weight of 12 lb and the weight of the asso- 
ciated hydraulic motor is only slightly greater than 
2 Ib. When the weight of the sump, valving and tubing 
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0.02 
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(C) 
Fig. 5—Block diagram of servo system (A), frequency response 


(B), and transient response (C). 


132 


fixed- displacement hydraulic motor (b). 


is combined with that of the pump and motor, the dry 
system weight of the entire double independent-axis trans- 
mission is approximately 25 lb. It yields a power-per- 
weight ratio of 1% hp per lb, a value higher than is 
obtainable from other types of applicable equipment. 

Hydraulic servo equipment inherently has high torque- 
to-inertia ratios, high hydraulic-to-electrical gain, and 
comparatively small time lags. The sinusoidal velocity 
response of this system is shown in Fig. 5. The curves 
show that the system has a high natural frequency, a 
desirable attribute of high-performance servo. In a hy- 
draulic system, this can be obtained by maintaining a 
minimum volume of entrapped oil under compression. 

A cutaway drawing of the hydraulic pump and motor 
is shown in Fig. 6. The four main components of the 
pump are the yoke, the valve plate, pistons and the 
cylinder block. Variable displacement is achieved by 
means of the pump yoke which can be tilted 30 deg in 
either direction from its neutral position by the action 
of the power piston. The yoke swivels on two pintles 
and is connected to the power piston through mechanical 
linkage. The volume of oil pumped is proportional to 
the yoke angle, and the direction of oil flow is determined 
by the direction of yoke movement from neutral. With 
the exception of the variable position feature, the hy- 
draulic motor is similar to the pump. The motor yoke 
is fixed at a 30-deg angle to the shaft. 

The prime mover rotates the pump shaft at a constant 
speed. The shaft is connected to the cylinder block 
through universal linkage. Pistons A and B (Fig. 6) 
are carried in the block and rotate with the shaft and 
block. When the yoke is in its neutral position there 
is no longitudinal movement of the pistons. With the 
yoke off neutral, however, as shown in the figure, longi- 
tudinal movement of the pistons occurs. Thus, as the 
shaft rotates through 180 deg, the position of piston 
A changes to that of piston B and the total displacement 
of oil during the rotation is equal to the piston area 
multiplied by the length of the stroke. The greater the 
yoke angle, the longer the piston stroke and the greater 
the oil displacement per revolution. 

Flow of oil through the pump is from the inlet port, 
through internal passages of the yoke and inlet ports 
of the valve plate, to the pistons. The pistons take in oil 
through half a revolution and discharge it through the 
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Fig. 6—Cutaway views of hydraulic pump and motor showing operation of variable-displacement principle. 


other half. Oil is discharged through porting in the 
valve plate and internal passages in the yoke to the 
outlet port of the pump. The motor operates as the mirror 
image of the pump. Oil entering the motor pushes the 
pistons outward and produces a rotative movement to 
drive the motor shaft. 

As can be seen in Fig. 1, the position of the power 
piston which controls the pump yoke is determined by 
the flow of oil from the control valve which, in turn, 
is positioned by the torque motor. 

Other components in the electrohydraulic system are: 


@ The sump, which is charged with oil from an external 
supply. Inside the sump a spring-loaded piston maintains 
oil pressure between 30 and 50 psi, depending on the 
volume of oil in the sump. The relief vent in the sump 
discharges excess oil in the event of overfilling. Leakage 
from the motor is returned to the sump through the 
drain line. 


@ The pump case, which is filled entirely with oil at 
sump pressure. Normal flow of oil to the pump case 
is through a filter; however, if it becomes clogged, the 
oil will travel through a relief valve which is in parallel 
with the filter. 


e@ The prime mover, a 10-hp, 400-cycle, 208-volt, 3-phase 
motor which drives the rotating group, the control supply 
gear pump, and the replenishing supply gear pump. The 
prime mover rotates at 7500 rpm. 


e The control supply gear pump, whose pressure and 
flow are metered by the control valve to provide the 
direction and amount of movement required for position- 
ing the pump yoke. A small relief valve controls the 
pump pressure, regulating it to 270 psi maximum. 


e@ The replenishing supply gear pump, which provides 
charging pressure to the pump rotating group inlet. 


Present and Future Applications. A servo pump 
system of this type has certain limitations which should 
be taken into consideration. For example, the mechanical 
linkage between the stroking piston and the yoke im- 
poses an inherent time lag that could be critical in 
certain systems. Also, since it is frequently not feasible 
to locate the servo pump close to the hydraulic motor, 
a large volume of controlled oil is maintained under 
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compression. This, of course, might impose a very low 
natural frequency on the system. 

Oil functions similarly to a tight spring and, to 
achieve a high spring rate, the length of the lines 
between the pump and the motor should be kept to a 
minimum. This is especially true of a system in which 
the load consists of a large mass and has a large amount 
of static friction. 

Recent developments in the design of electrohydraulic 
components could provide for some advantageous changes 
and refinements in the system described here. For in- 
stance, servo valves of the type shown in Fig. 7 can pro- 
vide higher response since they can be mounted directly 
on the hydraulic motor, thereby retaining only a 
small volume of fluid under compression and increas- 
ing the spring rate. A high natural frequency could 
thus be achieved for the system. The weight of a system 
using the servo valve, including the latest configuration 
of a variable-delivery pump and the servo-valve, hy- 
draulic-motor combination, along with the necessary 
associated hardware, would be somewhat lighter than a 
similar package containing the type of servo pump de- 
scribed in this system. OOO 


Fig. 7—Recently developed servo valve whose use in an 
electrohydraulic servo can increase response by shortening oil 
lines. Weight is 9.3 oz and dimensions are 3.08 x 1.75 x 1.83 in. 
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ore Factors in 
tatic Magnetic 
witch Performance 


Since its mode of operation is inductive, 
magnetic switch behavior is closely re- 
lated to core magnetic properties. Perme- 
ability is a key factor in rectangular-loop 
hysteresis materials; switch designers 
should assume it to be uncontrollable ex- 
cept within wide limits and employ design 
methods that allow for such variation. 
Core testing and selection prior to ex- 
pensive winding and finishing operations, 
for instance, permit methodical compen- 
sation for inherent core property varia- 
tions since windings can then be tailored 


to fit particular core characteristics. 


ROBERT W. DURKEE, Staff Engineer 
SANDIA CORPORATION 
Albuquerque, New Mexico 


SHORTLY AFTER COMPLETION of a program to determine 
the feasibility of magnetic switching circuits, a design 
of a magnetic option switch for a particular application 
was made.* This static switch is basically a grid pulse 
transformer that serves to accept or reject a 28-volt 
signal into a cold-cathode trigger tube circuit.t Accept- 
ance or rejection is previously determined at the option 


* “Basic Magnetic Switching Circuits," R. W. Durkee, Sandia Corporation Re- 


print SCR-1 and Execrrican Manuracrurtnc, October 1956, p 102. 


+ The cold-cathode, gas-filled trigger tube, Type OAS for instance, is often re- 
ferred to as a krytron. 
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of the operator. The switch has no effect on other signals. 

After successfully passing preliminary environmental 
tests, the switch was accepted for use. Test requirements 
were established based on several small engineering 
sample lots. Upon receiving and testing a larger produc- 
tion lot, a significant number of switches was found to 
fail the test requirements. After considerable investiga- 
tion, the difficulty was found to be a very large variation 
in the magnetic characteristics of the core material from 
lot to lot. For switching applications, the optimum core 
is made of rectangular hysteresis loop material in the 
form of ultra-thin tape toroidally wound on a non-fer- 
romagnetic form. The typical hysteresis loop of such a 
material, somewhat conventionalized, can be represented 
as in Fig. 1. For cores made of such a material, of the 


Fig. 1—The non-linear hysteresis characteristic of a ferromag- 
netic tape-wound core can be approximated as a “rectangular” 
loop. 
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various magnetic characteristics the permeability in par- 
ticular was extremely variable; i. e., +£50 per cent. It 
was found necessary to establish relationships between 
magnetic core permeabilities and output voltages. These, 
together with other pertinent factors and necessary test- 
ing procedures, make it possible to predict peak output 
voltages accurately and to produce switching circuits 
to a desired level of quality and uniformity of charac- 
teristics. 

The Magnetic Switch Circuit. Figure 2 is a sche- 
matic diagram of the magnetic option switch as used 
with the trigger tube in several systems. Some time prior 
to arrival of signals 1 and 2, a pulse of current is 
supplied to the ‘ winding if it is desired 
to allow signal 2 to trigger the tube. If the operator 
wishes to prevent signal 2 from triggering the tube, he 
will supply the “set-to-block” winding with a current 
pulse. In either case, there will be no effect on signal 
Ll: ie., signal 1 will always trigger the tube. 

In the case of applying a current pulse to the set-to- 
pass winding, the transformer core flux switches to the 
—B, point on the hysteresis loop. Upon application of 
signal 2, the transformer core flux level switches to the 
positive saturation point, +8,. During this switching 
period the flux level traverses the steep vertical side of 
the hysteresis loop. The high degree of slope of this 
vertical side results in a high value of transformer primary 
self-inductance. This in turn results in approximately 
30 per cent of the signal 2 voltage appearing across the 
primary, which causes a high-voltage pulse in the sec- 
ondary sufficient to fire the tube. The remaining 70 per 
cent of signal 2 voltage appears across the reactor. The 
reactor is designed with an inherent resistance to limit 
the saturation current supplied by signal 2. 

In the case of application of a current pulse to the 
set-to-block winding, the transformer core flux switches 
to the +B, point on the hysteresis loop. Upon applica- 
tion of signal 2, at some later time, the transformer core 
flux level increases slightly to the +B, point on the 
hysteresis loop. This small increase in flux is charac- 
terized by traversal along the nearly horizontal top of the 
hysteresis loop. The low degree of slope of this portion 
of the loop results in a low value of transformer primary 
self-inductance. This in turn results in approximately 0.3 
per cent of the signal 2 voltage appearing across the 
primary, which of course results in a low secondary 
voltage, insufficient to fire the tube. The remaining 97.7 
per cent of the signal 2 voltage appears across the reactor. 
These percentages of signal 2 voltage appearing across 
the transformer primary result in a ratio of pass-to- 
block secondary voltages of approximately 100. 


‘set-to-pass” 


The Equivalent Circuit. Figure 3 is a simplified 
equivalent circuit of the magnetic option switch, where 

E = source voltage 

R = total circuit resistance, ohms 

Lr = reactor inductance, henrys 

Lr = saturable transformer inductance, henrys 


The effects of the transformer secondary winding, 
leakage inductance, and distributed capacity are neg- 


OCTOBER 1959 


Cold-cothode 
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Fig. 2—Circuit of magnetic option switch using cold-cathode 
trigger tube. 





Fig. 3—Simplified equivalent circuit of the magnetic option 
switch, 


ligible. In this discussion, since we are interested in the 
peak output voltages only (i.e., peak “pass” voltage and 
peak “block” voltage) the inductances Lp and Ly will 
be considered constant during the interval of interest. 


The expression 
2 E — (R/(Lr +Lr) 
i= a l—e ) (1) 


describes the instantaneous value of current in Fig. 2 
for any value of time ¢. 

The time rate of change of current in the circuit is 
given by the time derivative of Eq (1) and is 


dis E 
@ te+tLe‘ 


(R/(Lr Lr) 


In Fig. 2, the voltage may be expressed: 


di 


E =iR+ di (Lr + Lr) (3) 


From Eqs (1) and (2), it can be seen that at the 
instant of closure of the switch, at time ¢ 0, the 
current in the circuit is zero and its rate of change is 
maximum. Thus Eq (3) reduces to 

di di 


E=Lp di * Lr dl 





Signal 2 


or 


in which 


li - 
e7 Ly 7 () 


Clearly, at time ¢ = 0, the induced voltages appearing 
across the reactor Ly, and the transformer Ly are equal 
to the product of the inductance and the time rate of 
change of current, their sum being equal to the source E. 
Furthermore, with R = 2 ohms, E 30 volts, Lp + Ly 

0.004 henry in the circuit of Fig. 2, it can be seen 
by substitution in Eq (2) that the time rate of change of 
current, di/dt, is approximately 7000 amp per sec at the 
instant of switch closure. Since the pulse peak is reached 
in approximately 50 microsec in the present design, 
it can be seen that at this time the time rate of change 
of current is still approximately 98 per cent of its 
maximum rate. 

Thus for all practical purposes the circuit is unaffected 
by the presence of the resistance R, and the voltages 
appearing across the two inductances are directly pro- 
portional to the respective inductance values. Since the 
transformer secondary output voltage is related to the 
induced primary voltage by the turns ratio, clearly the 
pass and block output voltages are directly proportional 
to the inductance of the primary during the set-to-pass 
and the set-to-block conditions. 

It is the very high ratio of pass inductance to block 
inductance that results in the high ratio of pass-to-block 
voltages. Consider the following general voltage expres- 


sions: 


dg 


" a 


a 


di 
L. dl 


By substitution, 


(6) 


di 
where 
L = the coeflicient of self-inductance or simple inductance in 
henrys 
@ = magnetic flux expressed in maxwells 
i = current in amperes 
N = number of turns 
Since we are dealing with a toroidal core, the magnetic 
path within the primary coil is totally closed: i.e., no 
free magnetic poles are formed. The magnetic field within 
the primary winding is 
0. 4eNi 


i i (7) 


where 
H = the magnetic field intensity in oersteds 
N = number of turns 
i = current in amperes 
1 = mean magnetic path Jength in centimeters 
The differential permeability pz of a magnetic material 
is defined as the slope at any point of the B-H curve or 
_ dB 
a ae 


Since flux density B is defined as the magnetic flux ¢ 
per unit area A, then 


_ do 
We” GHA 


d@ dH (Apa) 


0 
d@ di 


: dish (8) 


Therefore, substitution of Eq (8) in Eq (6) results in 


aN 
di (* ‘ ) (usa) 
N 10-8 


L= di 


L - 0 ~ 110 ra (9) 
Thus, with a given transformer with a given number 
of turns, the inductance at any point on the B-H loop 
is equal to the product of the differential permeability 

and the transformer constants, or 
L = pak (10) 

Since it was previously shown that the transformer 
output voltages are directly proportional to the primary 
inductance, clearly the output voltages are also directly 
proportional to the permeability of the core material. 

Under pulse conditions, the high rate of change of 
flux results in a pronounced eddy-current effect. Thus a 
greater magnetizing force H is required to produce a 
given flux density B. Therefore, with increasing steep- 
ness of the applied voltage waveform, a widening and a 
decreasing slope of the hysteresis loop occurs. Thus the 
effective pulse permeability of the material is somewhat 
less than the intrinsic permeability. 

The core manufacturers are attempting to establish a 
standard permeability test procedure known as the sine 
current test. This test is rapid, accurate, does not require 
specialized equipment or techniques, and is therefore 
adaptable to production testing of completed cores. The 
test measures the “differential” or “instantaneous” per- 
meability for all points along the B-H or hysteresis loop. 
Because the standard sine current production test utilizes 
a single-turn test jig and necessarily a moderate rate 
of excitation current rise, the resultant permeability is 
somewhat greater than the effective pulse permeability. 

The effective pulse permeability », can be measured 
with a fair degree of accuracy: thus the problem of 
variation in permeability can be solved by determining 
a correlation factor Ky, between effective pulse permea- 


Set 
winding 


Soturable 
transformer 


ep 


Current 
meosuring 
resistor 


4—Test circuit for saturable transformer. 
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bility »,. and the differential permeability pa. The core 
specifications should include the required differential 
permeability, with a reasonable tolerance determined by 
the ratio of uw, and the correlation factor Ky. 

Determination of », and K,. Tests and calcula- 
tions were carried out on a quantity of 40 saturable trans- 
formers. For purposes of illustration, the procedure and 
values for a typical transformer will be given. Consider 
the following expression: 

di 


p= bed 


- 
Ln P 
; di/dt 
where 
L, = effective inductance of a transformer primary 
e, = peak induced primary voltage 
di/dt = time rate of change of primary current 


With the circuit of Fig. 4, which is electrically identical 
to the actual circuit, and the transformer set-to-pass, the 
induced primary voltage e, and the change of current 


with time di/dé during the induced voltage peak were 
found by a calibrated oscilloscope to be: 
10 volts 


ey 


=, = 6800 amp/sec 


dl 
The effective primary inductance was 


10 ” 
Ly = 68 x10 1.47 mh 


From Eq (9) the transformer constants were calcu- 
lated from the left member outside the parentheses and 
found to be 

K = 20.2 x 10° (il) 
From Eq (10), the effective pulse permeability was 
found to be 
1.47 x 10 
20.2 x 10° 
2,700 

The same procedure was carried out for the series 
reactor. Its induced voltage was found to be 20 volts, 
which substantiates the assumption of negligible effect 
of the resistance. The reactor effective inductance was 
found to be 


Lp=2.94mh 


Fig. 5—Circuit for checking calculated transformer parameters. 
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‘ 20 


-~ 68x10) > 2.94 mh 
; ‘ 


“r 


as opposed to a standard inductance value of 3.54 mh. 
The reactor effective pulse permeability was found to 
be 93.5 as opposed to the intrinsic permeability value ot 
125 published by the manufacturer. 

In order to determine the approximate intrinsic or 
differential permeability as found by core production 
test, a single-turn test jig was fabricated. The windings 
were removed from the core and a permeability value 
was found as in the above method: 

ua = 239,000 
Thus the correlation factor Kg was found to be 


M 72,700 


ata OO 
pa 239,000 


0.304 (12) 


or the effective pulse permeability value of this type of 
core as used in the option switch is 30.4 per cent of 
the manufacturer’s production test value. 

In order to prove the validity of these experiments, 
another core was tested for pg in the simulated production- 
type permeability analyzer. Its value was found to be 


pa = 295,000 
From Eq (12), 
Me = Aepa = 0.304 & 295,000 = 89,700 
From Eqs (10) and (11) the effective primary pulse 
inductance was found to be 
Ly = 20.2 X 10%, 
= 20.2 x 10° X 89.7 X 10 = 1.81 mh 
Using the series reactor value of 2.94 mh and the 
transformer inductance value of 1.81 mh in the circuit 
of Fig. 5, the transformer primary voltage was calcu- 
lated to be 


L E = . $1] 30 = 11.5 volts 
o 


Le 4.7 


The secondary peak voltage was calculated to be 
Cs = dep 


where 


= 100 XK 11.5 

= 1150 volts 
This core was then wound with the proper windings, 
placed in the circuit of Fig. 2, and the secondary voltage 
measured. The measured value was 1120 volts, a close 
agreement with calculations. 

The same procedure was carried out for the set-to- 
block condition. The average difference between the 
calculated block voltages and the measured block volt- 
ages was approximately 20 per cent. This amount of 
error is not surprising when it is realized that measuring 
several values of voltages in the millivolt range with 
an oscilloscope is at best an approximation. This amount 
of error will not refute the validity of the procedure, 
however, since two orders of magnitude exist between 
the typical block voltage and the voltage required to 
fire the trigger tube. OOO 
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WE ALMOsT TITLED this month’s Basic Science & 
Engineering feature “Masers and Mavars, or 
Through the Molecule to the Milky Way” because 
that is basically what it is all about. One of the fun- 
damental “design stops” of man’s exploration of the 
universe has been the distance limitation imposed on 
radio communications by microwave receiver 
noise. Satellite tracking, long-distance radar and 
radio astronomy have been handicapped in their 
development by the receiver noise problem. Pri- 
marily because of this handicap, uhf TV never got 
off the ground. 

In the past five years research laboratories in this 
country and abroad have been on a crash pro- 
gram to break this design barrier. The essential 
knowledge and the basic hardware, at least in 
prototype, are now part of our technology. The 
low-noise, solid-state microwave amplifier—in both 
maser and parametric form—is already finding 


its way into military systems. And although the 
impetus of this development came primarily from 
the above-cited needs, microwave relaying, ground 
telemetry and telephony, waveguide transmission, 
even certain industrial applications, will eventu- 
ally reap tremendous benefits from the evolution 
of low-noise microwave devices. 

The accompanying article is not a “state-of-the 
art” summary. There have been several of these in 
technical news publications. This article is rather 
an engineer-oriented examination of the _ basic 
quantum mechanical principles underlying the op- 
eration of these devices. Some hardware is shown 
to demonstrate the principles in action. But in the 
development of hardware much remains to be done. 
We hope that this article will give greater under- 
standing of the microwave noise problem and its 
solutions to those readers who will (1) design 
the improved hardware that is still urgently needed, 
or (2) apply these devices as they become commer- 
cially available. 

This insert falls in a unique spot in our BS&E 
program. Although written as a_ self-contained 
article, it draws heavily on the basic principles 
presented in two earlier inserts: “Introduction to 
Semiconductor Theory” and “Fundamentals of 
Ferromagnetism.” Also, it represents a_ special 
case of a new technology in action—a technology 
of molecular engineering. You will see more of 
this subject in up-coming issues. To date we have 
presented the basic principles of the bread-and- 
butter materials: dielectrics, metals, plastics, semi- 
conductors and magnetic materials. Future articles 
will deal with more sophisticated engineered ma- 
terials and the components and systems they make 
possible. 

*n & 

R. D. Haun, Jr., received a BS in physics from 
the University of Kentucky in 1952 and a PhD in 
physics from MIT in 1957, where he served as re- 
search assistant under J. R. Zacharias on the develop- 
ment of the cesium atomic beam frequency standard. 
For the past several years he has been investigating 
ferromagnetic resonance and parametric amplifica- 
tion at Westinghouse Research Laboratories. 

Poland-born T. A. Osial received his BS in EE 
from the University of Toledo in 1948 and an MS 
in math from the University of Pittsburgh in 1954. 
Since 1948 he has been engaged in the development 
of microwave components at the Westinghouse Re- 
search Laboratories, more recently specializing in 
studies of ferrite components, ferromagnetic reson- 
ance and parametric amplifiers. 
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Low-Noise, Solid-State 
MICROWAVE AMPLIFIERS 


Basic principles of paramagnetic MASER amplifiers and parametric MAVAR 


amplifiers with a 


R. D. HAUN, JR. 

T. A. OSIAL 

WESTINGHOUSE RESEARCH LABORATORIES 
Pittsburgh 35. Pennsylvania 


W hy is a low-noise amplifier needed? The maximum 
distance over which a communications or radar system 
will operate is dependent on the amount of signal which 
reaches the receiving antenna. If the signal strength is 
greater than the noise “background” at the receiver, then 
information present in the signal can be recovered. How- 
ever, as the amplitude of the received signal falls to a level 
comparable with or less than the noise background, then 
recovery of information becomes unreliable or impossible. 

Four approaches are possible to the design of a system 
with increased range: 

e Transmitted power can be increased. 

e Information can be transmitted (by modulating or 
coding the transmitted signal) in such a manner that 
the receiving system can distinguish between useful 
information and noise background. 

Noise generated along the transmission path and im- 
pinging on the receiver can be reduced. 

e Noise generated inside the receiver itself can be re- 
duced. 

The transmitter power can be increased only so far be- 
fore size and economic considerations establish a limit. 
Many ingenious modulation and coding schemes have 
been proposed and used to minimize the deleterious effects 
of noise background; but as the signal recovery reliability 
of the modulation or coding method increases, so does 
the complexity of the transmitter and receiver. Once 


brief introduction to the 


tunnel-diode amplifier. 


again size, cost and overall system reliability establish a 
limit. At present the most promising approach to the 
problem of increased range seems to be the reduction of 
background noise either in the transmission medium or 
in the receiver system. 


Noise Temperature. When speaking of background noise, 
it is most convenient to define the magnitude of the noise 
in terms of a “noise temperature.” The amount of avail- 
able noise power, Py, present in a frequency band of width 
B is then given by 

Py = kTyB (1) 
where Py is the power in watts, k is Boltzmann’s constant 
(1.38 10-*8 watts/deg K-cps), Ty is the noise tempera- 
ture in degrees Kelvin, and B is the bandwidth in cps. 

Conventional microwave receivers (for example, micro- 
wave superheterodyne receivers using semiconductor di- 
odes as non-linear resistive mixing elements) have equiv- 
alent noise temperatures of the order of 1000 K. (/)* In 
other words, the noise generated in one of these receivers 
is such that it gives a noise output which is about three 
times larger than would be obtained with a noiseless ampli- 
fier and a room-temperature (300 K) noise source. 

In many radio communications applications (for ex- 
ample, satellite tracking, inter-space communications, long- 
distance radar, or radio astronomy) the receiving antenna 
is directed toward the heavens so that the background noise 
from the transmission medium (radiation from the galaxy) 
corresponds to only a few degrees Kelvin. (/) For these 
applications, if one is to make full use of the low noise 
properties of the galactic background, microwave re- 
ceivers with extremely low noise temperatures are required. 

In other applications (such as microwave relaying, ra- 


* Italic numerals in parentheses refer to Cited References at end of article. 
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dar to detect low flying aircraft, ground telemetry, wave- 
guide transmission, passive mapping of the ground from 
aircraft, or applications in which the antenna is directed 
toward the heavens but the side lobes of the antenna 
pattern receive noise radiated by the surrounding terrain) 
the background noise results primarily from radiation by 
room-temperature objects. The need for extremely low- 
noise temperature receivers is not as great for these appli- 
cations, yet there is still much to be gained by the use 
of receivers having lower noise temperatures than do 
conventional receivers. 


Recent Developments of Promise. Two fundamentally 
different types of amplifiers have recently been proposed 
as solutions to the microwave receiver noise problem:+ 

e Paramagnetic MASER amplifiers which obtain amplifi- 
cation by stimulating emission from quantum mechanical 
systems in which an excess population of elementary spin 
systems or ions has been established in an excited state. 

e Parametric amplifiers (also called “non-linear react- 
“ In the past few months a third approach, the “‘tunnel’’ diode amplifier has 


received considerable attention. The authors have included a brief discussion 
of this device on page 151 
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ance” Or MAVAR amplifiers) in which amplification is ob- 
tained by regenerative mixing of electromagnetic fields of 
different frequencies which are coupled through time- 
varying reactive circuit elements. 

At the present time, maser amplifiers seem to show the 
most promise for extremely low-noise applications, while 
the parametric amplifiers are more convenient for appli- 
cations where the ultimate in low noise is not required. 
However, there is good reason to suppose that future de- 
velopment of parametric amplifiers may give noise tem- 
peratures as low as those of masers. 

Either of these types of amplifiers can be used to reduce 
the noise temperatures of a conventional receiver simply 
by inserting the maser or parametric amplifier between 
the receiving antenna and the input terminals of the con- 
ventional receiver—in much the same way as one uses 
a vacuum tube preamplifier. If the ultimate in low-noise 
performance is to be obtained, however, improved an- 
tennas may have to be developed with the side lobes of 
the antenna pattern small enough that very little of the 
noise radiated by the surrounding terrain is received. 


Maser Amplifiers 


Quantum Theory of Angular 
Momentum and Magnetic Moments 


Since the maser is a device operating on quantum 
mechanical principles, a brief review of quantum theory 
is presented here. One of the consequences of this theory 
is that for bound systems the total energy of the system 
is restricted to discrete values. For example, in a hydrogen 
atom the electron can move around the nucleus only in 
certain orbits which differ from one another in the mean 
separation between the electron and the nucleus. This is 
the well-known Bohr model of the atom. 

In the maser we shall be primarily concerned with 
another type of system, the system formed by a rotating 
charged particle placed in a uniform d-c magnetic field. 
Such a system is frequently called a spin system because 
of the rotation of the charged particle about its axis. In 
Fig. 1 a spin system is indicated schematically. If the 
charge p and the mass m of the particle are distributed 
throughout the volume of the particle then, because of 
the rotation, the particle will have an “intrinsic” angalar 


momentum 
J = fr xX vdm 


and an intrinsicmagnetic moment 


M . [x <x vdp (3) 


2c. 


where r and v are the position and velocity vectors of the 
element dm. Furthermore, since charge and mass are dis- 
tributed in some ratio p/m, the magnetic moment will be 
proportional to the angular momentum; i.e., 


M = gus d/h (4) 


where pz, == (e/m)h/2c ; 
10-°° erg-gauss! (h = h/22 where h = Planck’s con- 
stant == 6.6  10-*" erg-sec; e/m is the charge-to-mass 
ratio of the electron) and g is a proportionality constant 
the value of which depends on the relative distributions 
of charge and mass in the particle. It is one of the out- 
standing experimental facts of modern physics that for a 
single free electron, J == (1/2) hand g approaches the value 
of —2. 
The energy, W, of interaction between the magnetic 
moment M and a d-c magnetic field H, is given by 
W = —MI cos 6 (5) 
where @ is the angle between M and H),. To obtain agree- 
ment with experimental observations, it is necessary to 


== 1 Bohr magneton = 0.93 
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assume that the energy W can have only one of a num- 
ber of discrete values. For given values of M and H, each 
“allowed” energy level thus corresponds to a different 
value of @ and, since J and M are colinear, to a given 
value J, of the projection of angular momentum along 
H,. It can be shown that, for systems made up of elec- 
trons, J, can have only values which are integral or half- 
integral multiples of h. 

The different allowed values of J, (frequently called 
“m,;”) for a given system in a magnetic field must differ 
from one another by integral multiples of h. The allowed 
orientations of a system composed of several electrons 
with their individual moments combined so that the total 
angular momentum is J 2h are shown in Fig. 1. There 
are (2J/h) + 1 of these energy levels. 

A free system with angular momentum will have evenly- 
spaced energy levels. However, when the system is placed 
in a crystalline environment (for example, an ion in a 
paramagnetic crystal) the internal crystalline fields may 
cause the energy levels to be displaced so that the spacing 
is no longer the same between neighboring levels. 


Paramagnetism and Ferromagnetism 


In some solids and gases the electrons are paired off 
so that members of each pair point in opposite directions 
and the net angular momentum and magnetic moment 
of the substance are zero. These substances are extremely 
weak magnetically and are referred to as diamagnetic. In 
other substances not all of the electrons are paired off, so 
that some of the ions have a net magnetic moment and 
angular momentum due to the unpaired electrons. If these 
ions are separated from one another enough that each 
ion interacts individually with the externally applied mag- 
netic field, then, for high enough temperatures, thermal 
fluctuations will be comparable energetically with the mag- 
netic interaction so that the unpaired electrons will tend 
to point randomly in different directions and the sub- 
stance will be weakly magnetic. Such substances are 
called paramagnetic. In some other substances the ions 
are close enough to one another that each unpaired elec- 
tron will tend to orient itself parallel to all of the other 
unpaired electrons in the substance; then, in effect, a 
very large internal d-c magnetic field (called the exchange 
field or spin-spin interaction* ) exists at each unpaired elec- 
tron. The magnetic interaction with this internal field will 
be large compared with thermal fluctuations so that all of 
the unpaired electrons will tend to line up parallel with 
one another and the substance will be strongly magnetic. 
These substances are called ferromagnetic. 


Population Inversion 
and Stimulated Emission 


Consider a simple paramagnetic substance which has a 
total population of N elementary spin systems or ions, 
each having two allowed energy levels, E, and E., where 
E, > E,. If this substance is placed in an electromagnetic 
field which oscillates at a frequency f., == (FE. — E,)/h, 
transitions will be induced between the two levels. That 
is, after a time t some of the spin systems which were 
originally (at t¢ = 0) in state 1 will have “jumped” to 
state 2 and some of the spins originally in state 2 will 
have jumped to state 1. A transition from 1 to 2 involves 
the absorption of energy (hf,,) from the electromagnetic 
field while a transition from 2 to 1 involves the emission 
of electromagnetic energy (hf,,) by the “spin system” at 
the frequency f.,,. The transition probability T., for each 
ion is exactly the same for induced absorption as it is 
for induced emission. Consequently, if N, and N,. are 


*See ‘Fundamentals of Ferromagnetism,’”’ ELectRicat 
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Allowed orientations 
for J/=2h 


=-2h mj=dz 


Fig. 1—Elementary spin system formed by a rotating charged 
particle in a uniform d-c magnetic field. 


the populations of energy levels E, and E,, respectively 
(at time t = 0), the net energy absorbed by the substance 
in a short time d¢ will be 

AWars = (Mi — Ne) Tahfadl (6) 

From Equation (6) we see that if we could establish 
a condition where N. N,, the substance would emit 
energy at frequency f., instead of absorbing energy. 
Furthermore, since T.,, the transition probability/unit 
time for electromagnetically induced transitions, is pro- 
portional to the energy density W,,, of the electromag- 
netic field at frequency f,,, the energy emitted will be 
proportional to the electromagnetic field energy density. 
In other words, the amplitude of the emitted signal will 
be proportional to the amplitude of the inducing signal. 
It can also be shown that the emitted energy is coherent, 
in phase with, and at the same frequency as the inducing 
electromagnetic field—even when this frequency is not 
exactly f,.,. Consequently, if N, can be made larger than 
N,, coherent amplification of an electromagnetic signal at 
frequencies near f,, can be obtained. 

Unfortunately, as is frequently the case, nature is un- 
cooperative and under usual laboratory conditions N, is less 
than N,. Since the energy stored in the substance would 
be a minimum if all of the elementary spin systems were 
in state 1, there is a strong tendency for N, to be equal 
to zero. However, thermal agitation tends to oppose this 
effect and under equilibrium conditions, when the sub- 
stance is at temperature T (Kelvin), the energy-level pop- 
ulations are given by 


Nz - Me — (E; — E\)/kT (7) 
Ni+N.=WN (8) 


so that for E, > E,, N, is greater than N,. Therefore, to 
obtain amplification by inducing emission from a molecu- 
lar system, we must devise some means for artificially 
establishing a favorable population distribution with 
N,.> Ny. 


Definition of a Maser . 


A maser is a device in which a positive population 
difference (N, N,) is established between two states 
separated by an energy /f,, == (E, — E,) so that, when 
a weak electromagnetic signal at a frequency near f,, is 
fed into the device, coherent amplification is obtained by 
stimulated emission. Hence the acronym MASER, which 
stands for Molecular amplification by the stimulated Emis- 
sion of Radiation. The excess energy supplied for the ampli- 
fication process is obtained from the population-inverting 
mechanism. 

In a succeeding section we will describe some of the 
methods which can be used to establish the non-equi- 
librium population difference N. — N, > 0. 
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Exeess Noise 


The excess noise of an ideal maser amplifier arises 
from two sources: 

© Black-body radiation from resistive elements within 
the amplifier. 

e Spontaneous emission by the active substance. 

Since all amplifiers will contain resistive losses in the 
microwave circuit, Johnson (thermal) noise from resistive 
elements will always be present. The temperature of this 
noise will be equal to the temperature of the resistive 
element. 

The internal noise generated in an amplifier is usually 
specified in terms of the “noise factor” of the device. The 
noise factor F is defined as the ratio of the total noise- 
power output to the product of noise-power input and 
power gain, where the noise-power input is defined to be 
the available noise power from a room-temperature re- 
sistor. When one actually employs a low-noise amplifier, 
the noise input may be much less than room temperature, 
so that a less ambiguous method of specifying the noise 
capabilities of a low-noise amplifier is to specify the ex- 
cess noise temperature, 7. The excess noise temperature 
is related to the noise factor by 

Tr = T)(F — 1) (9) 
where 7, 300 deg K. The excess noise power (P.xcess) 
generated inside the amplifier is given by 

Pexcoss = GkTrB (10) 
where G power gain of the amplifier, k Boltzmann’s 
constant, and B bandwidth of amplifier. The excess 
noise temperature is therefore a direct measure of the 
minimum signal detectable with an amplifier. The noise 
figure F of a device is the noise factor expressed in 
decibels: 

F = 10 logywk (11) 

In a maser, most of the input circuit is operated at 
temperatures of a tew degrees Kelvin so that the resistor 
noise temperature is low. 

The effective noise temperature of the spontaneous 
emission can be shown to be, in deg K (2), 

i. Ne hfe 
N2—- Mk 

This can be understood qualitatively from the following 
argument: The rate at which the system will spontaneously 
emit noise power Py into a band B at frequency f,, will 
be proportional to the number N of noise quanta emitted 
per unit bandwidth, the bandwidth B, and the average 
energy of each noise quantum /f,,. Thus, in ergs per 
second, Py == NBhf,,. It seems reasonable to assume that 
each system in state 2 (i.e., in the upper state) has equal 
probability for spontaneous emission so that N is propor- 
tional to the number, N., of systems in the upper state; i.e., 
Py « N.Bhf,,. But to refer this back to the input (i.e., 
to find the equivalent noise source which when fed into 
an identical noiseless amplifier would produce the same 
noise Output) we must divide by the gain G of the device. 
But the gain is proportional to N, — N,. Defining the 
spontaneous emission noise temperature by Py —= GkTyB, 
we obtain 


Ty 


Py No hfe 


Ty = GeB® Ni-e N 


To minimize this temperature, we therefore desire to 
obtain N, >> N,; i.e., the population-inversion process 
should result in a large inversion ratio, N./N,. [This is 
also the condition for large gain with a given total number 
of spins N — see Eq (6).] In the microwave range hf,,/k 
= 0.5 deg K so that if, for example, N./N, = 1.1 (ie., 
only a small inversion ratio is obtained), the spontaneous 
emission noise temperature of a maser will be a few degrees 
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Fig. 2—Resonant-cavity maser amplifier. 
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Fig. 3—Traveling-wave maser amplifier. 


Kelvin. Most of the means proposed for obtaining popu- 
lation inversion in masers require Operation at low tem- 
peratures to give a large N./N, ratio after the inversion 
so that large gains can be obtained. 


Gain and Bandwidth of Maser Amplifiers 


The active paramagnetic substance can be placed in 
either of two types of microwave structures to provide 
maser amplification: in a resonant cavity, Fig. 2, or in a 
travelling-wave non-resonant structure (i.e., in a trans- 
mission line) as in Fig. 3. (The “pump” shown in both 
figures is an r-f energy source used to “pump” ions from 
a lower energy state to a higher one.) 


Resonant-Cavity Maser. (Fig. 2) The paramagnetic 
sample acts as a negative resistance, the magnitude of 
which is dependent on the population inversion ratio 
N./N, and on the total number of elementary spin sys- 
tems N in the sample. The negative resistance is directly 
proportional to (N, — N,) T., and to a factor which de- 
pends on the geometry of the amplifier. We can therefore 
define a negative “sample quality factor” Q, by 


l energy emitted by sample per cycle 


(12) 


Qs 2x energy stored in resonant cavity 
Then, if the unloaded, external, and loaded-cavity quality 
factors are defined respectively by 


energy dissipated in cavity per cycle 


(13) 


2x energy stored in cavity 


_ energy dissipated in circuit external to cavity per cycle 


(14) 


2m energy stored in cavity 


l ] . 
Gn ~ Us * Oe om 


the power gain, defined as the ratio of power reflected from 
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the amplifier to the power incident in the cavity, will be 


Qu 2Q. 7° 
Os 2 Qu ] 
G = 


Pine i ( a ees OL ) 
Qs 

Therefore, for 1/Q, = 1/Q,, (i.e., if the power emitted by 

the sample is comparable to the total power dissipated in 

the circuit) the reflected power will be much larger than 
the incident power and the device will show large gain. 

The bandwidth B of the device will be determined by 

the total Q of the amplifier, including the negative re- 


sistance. Thus 
. Ser O1 or 
Beg (1-G) ap 


for Q; = Qs so that as the gain of the device approaches 
infinity (i.e., as Og approaches Q,) the bandwidth falls 
to zero. 

Since the power gain is inversely proportional to 
{1 —(Q,/Qs3)]°, to obtain large bandwidth with a given gain 
one should use a low-Q cavity (i.e., Q; small). However, 
if Q, is small, QO, must also be small if useful gain is to 
be obtained [Eq (16)]. Since Qg is inversely proportional 
to (N. — N,) TL.,, this implies that a high-gain broad-band 
maser should use a paramagnetic sample which contains 
a large number, N, of ions for which the induced transition 
probability T.., is large, and a large N./N, ratio should be 
obtained in the inversion process. It was the requirement 
that N be large which led to the use of paramagnetic solids 
rather than gases for active materials in masers. Bandwidths 
attainable with presently available solid materials are of the 
order of tens of megacycles for power gain of 100. 


(16) 


Travelling-Wave Maser. This device (Fig. 3) can be 
thought of as a large number of cavity amplifiers very 
tightly coupled to one another in cascade. The effective 
value of Q, for each of the “cavity amplifiers” in such a 
structure is quite low. The gain of a travelling-wave ampli- 
fier is dependent on the length of the amplifier (i.e., on the 
“number” of “cavity amplifiers” in the chain). Since the 
pass-band of a transmission line can be made quite large, 
the bandwidth of a travelling-wave maser approaches the 
width of the paramagnetic resonance transition at frequency 
f.,. These bandwidths can be as large as 100 mc. 


Establishing Excess Population in 
Higher Energy Level 


Deflection of Gas Molecules. Perhaps because of the 
simplicity of the method, the first maser obtained popula- 
tion inversion by spatial separation of the molecules in 
different energy levels. (3) This method of population in- 
version is applicable to molecules which have pairs of 
energy levels with electric or magnetic field dependence 
like that shown in Fig. 4; for state 1 the energy W de- 
creases with increasing field while the energy for state 2 
increases with increasing field. /n an inhomogeneous field 
the force F on a molecule is proportional to the slope of 
the curve of energy as a function of field. Consequently, if 
a molecule in state 1 moves through an inhomogeneous 
field it will be deflected in the opposite direction from the 
direction for a molecule in state 2. Therefore, a scheme 
such as the one in Fig. 4 can be used to obtain almost 
complete population inversion. A beam of molecules ef- 
fuses from a source with the energy-level population distri- 
bution as given in Eqs (7) and (8). This beam of mole- 
cules then passes through an inhomogeneous electric or 
magnetic field so that molecules in state 2 follow a different 
path than do molecules in state 1. The molecules in state 
2 then move into a resonant cavity tuned to the frequency 
f.,. If a small signal at frequency close to f., is fed into 
the cavity, amplification is obtained. This type of amplifier 
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can be operated continuously. More complex energy-level 
schemes than the two levels of Fig. 4 can also be used with 
the deflection method. The energy for the amplification in 
the deflection maser is obtained from the thermal energy of 
the source of molecules. 

The major disadvantage of this method of inversion is 
that only gaseous materials can be used, so that only a 
small number of molecules enters the cavity in a given time 
and N, is relatively small. This limits the obtainable band- 
width. (However, N./N, is very large, so that low-noise 
performance is obtained.) Also, the entire system through 
which the molecules move must be evacuated. To obtain 
useful gain with a deflection-type maser, the molecular 
bandwidth (i.e., the resonance width) must be made quite 
small (to increase T.,) so that the bandwidth of the ampli- 
fier is approximately equal to the resonance width (of the 
order of kilocycles). Therefore, these amplifiers are useful 
primarily only as frequency standards. (However, these 
molecular amplifiers are ideal as frequency standards be- 
cause of the extremely low dependence of the resonant fre- 
quency on external influences. ) 

To obtain increased bandwidth one must increase N, 
the total number of elementary systems (i.e., molecules or 
ions). Therefore, let us now consider possible methods of 
obtaining state inversion with paramagnetic samples in the 
solid state. 


Two-Level Solid-State Masers. Such systems can be used 
with inversion methods conceptually similar to the deflec- 
tion method used in the gas maser. However, limitations 
imposed by the solid state require that two-level solid state 
masers be operated in pulsed fashion. There are three 
methods of obtaining population inversion in two-level 
solid-state systems. 


e 180-deg pulse technique. 

e Adiabatic rapid passage. 

e Non-adiabatic field reversal. 

In this paper we will not attempt to describe these meth- 
ods, but will simply state that the ideal result of each of 
these methods is the exchange of the initial populations. 
Thus, if the population distribution before inversion is as 
given in Eqs (7) and (8), then immediately after an ideal 
two-level inversion the populations n,. are given by 


Me (By) — By ya (18) 
ny 
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Fig. 4—Ammonia gas (NH) maser using inhomogeneous field 
to separate molecules into populations of two different energy 
levels. 
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and 

m+n=N (19) 
This is just the distribution to be expected for a negative 
temperature of T deg K. Since E,>E,, this results in n,>n,, 
so that maser amplification of a signal near f,, can be ob- 
tained. However, as time passes, the thermal relaxation 
processes will tend to re-establish the equilibrium popula- 
tion distribution of Eq (7) by inducing non-radiative tran- 
sitions between states 2 and 1. These thermal relaxation 
processes will usually have a time constant which is re- 
ferred to as 7,, the spin-lattice relaxation time, because the 
excess spin-system energy must be given to the crystal lat- 
tice to re-establish equilibrium. Because of the spin-lattice 
relaxation, the available gain of the two-level maser will 
decay with time so that the inversion process must be re- 
peated periodically. In order that the amplification period 
be long, 7, should be large. However, if the inversion 
process is repeated while n, > N,e — “2: — */*T, then a 
smaller inversion ratio will be obtained and if this process 
is repeated periodically the gain will soon become zero. 
One must therefore re-establish the equilibrium distribution 
between successive inversion processes. This can be done 
by waiting for a time which is long compared with T, be- 
tween inversions. (Possibly some artificial means can be 
used to reduce 7, during this waiting period.*) The oper- 
ating cycle of a two-level maser is therefore seen to be 
something like the following: 


equilibrium 

inversion 

amplification (short compared with 7,) 
re-establishment of equilibrium (long compared with 
T,) 

5. inversion, etc. 

Since these methods simply reverse the populations of 
levels 1 and 2, it is apparent that for large gain and low 
noise figure (i.e., large n, relative to n,) one should use 
low temperatures at equilibrium. 

The two-level maser has the advantage that amplification 
can be obtained at quite high frequencies because the fre- 
quency of the “pump” source used to supply energy to 
invert the populations need not be higher than the signal 
frequency (as is necessary for the three-level masers, next 
section). However, the two-level maser does suffer because 
of the necessity for pulsed operation and a low duty cycle. 
Most two-level masers require a magnetic field of a few 
thousand gauss for operation. (This magnetic field “splits” 
the magnetic energy levels of the paramagnetic ions so that 
the energy difference falls in the microwave range.) 

The two-level maser also offers the exciting possibility 
of obtaining maser amplification at frequencies much 
higher than the pumping frequency. This could be done, 
for instance, by inverting the populations at a low mag- 
netic field and then increasing the field so as to give an 
energy-level separation corresponding to millimeter wave- 
lengths. By using a rotating crystal, it might be possible to 
obtain continuous rather than pulsed outputs from a two- 
level maser. 


Three-Level Solid-State Masers. One can obtain continu- 
ous operation of a solid-state maser by using a three-level 
paramagnetic material and employing a higher-frequency 
pump signal to achieve partial inversion of the populations 
of two of the energy levels. 

Consider a material containing a large number of ele- 
mentary spin systems, each having the energy-level system 
shown in Fig. 5. If a sufficiently high-power electromag- 
netic field at frequency f,, is applied to this material, then 


*One means of improving the duty cycle is to use a second adiabatic rapid 
Passage at the end of the amplification period. This suggestion was made by 
P. F. Chester and D. I. Bolef and was demonstrated in a two-level maser 
described in Quarterly Technical Report No, § of USAF-WADC Contract AF 
33(616) 5258 (June-September 1958). 
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Fig. 5—Energy-level diagram of three-level maser using higher 
frequency pump (f3;) to achieve partial inversion of popula- 
tions at E2 and Ez. 


the populations of the two levels 3 and 1 will become equal. 
(We here neglect the spin-lattice relaxation between states 
3 and 1.) If these two populations are equal, then it can 
be shown that the populations n,, n., n,, of the three levels 
are related by (4) 


(20) 


where 7.,. and T,, are the time constants for spin-lattice 
relaxation between states 3 and 2 and between states 2 and 
1, respectively, and N,, N., N, are the equilibrium popula- 
tions of levels 1, 2 and 3, respectively; i.e., 


Nz = Nye ~ (8 — E:)/kT (21) 
N, = Nye ~ (82 — Bud/kt (22 


It is known that values of N,, N., Ny, Ty., Ts, can be 
found which will make either n., > n. or n, > n, so that 
amplification can be obtained at frequencies close to either 
f., Or f,.. The equilibrium population ratios N./N, and 
N./N, can be varied by changing the equilibrium tempera- 
ture T of the material. The spin-lattice relaxation times are 
dependent both on the choice of material and on the tem- 
perature. 

As a specific example, consider the case where f,, 
2f,, = 2f... Then, from Eqs (21) and (22), we see that 
N./N. = N./N,, so that 

ie T32/T 2 + 


(23) 


The T's N; P 
Tx No 
Then, if 7 >> T., and the equilibrium temperature is 
low enough ihat N. > 2N,, 
n; , Ne 


Ne \ 


Therefore, the same inversion ratio can be obtained be- 
tween levels 3 and 2 (using the three-level, higher-fre- 
quency pumping method) as would be obtained using one 
of the inversion methods mentioned in the section on two- 
level masers. 

The major advantage of the three-level method is that 
continuous operation is achieved, with power fed in 
at the pump frequency /,, being used to provide inversion 
so that a small signal at f,. can be amplified. 

However, the three-level method does have several dis- 
advantages: 

e Rather stringent requirements have been placed on 

the paramagnetic material used with this method: (1) 
The material must have at least three levels, as 
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shown in Fig. 5. (2) The transition between levels 1 
and 3 must be “allowed” (i.e., it must be possible to 
produce this transition easily with an electromagnetic 
field). This will not always be true. (3) The spin- 
lattice relaxation times must satisfy conditions similar 
to the condition T,,/T,, >> 1 assumed in the ex- 
ample. 

Doubly-resonant microwave cavities must be used or 
transmission lines must simultaneously propagate sig- 
nals of two frequencies. (Actually, since the spin sys- 
tems act as storage systems, the line need propagate 
only the signal f,, while a resonant cavity can be used 
for the pump f,,). 

As in the case of the two-level maser, the paramag- 
netic material must be cooled to a low temperature 
for satisfactory operation. 

A source of moderate power must be available at a 
pump frequency which is higher than the signal fre- 
quency. This is a severe limitation for millimeter 
wave amplifiers. 

Many three-level masers require magnetic fields of a 
few thousand gauss for operation. 


Optically Pumped Masers. Another method of continu- 
ous maser operation has been proposed in which popula- 
tion inversion is to be obtained by using an optical fre- 
quency pump in much the same way as the high-frequency 
microwave pump of the three-level maser. 

This method is perhaps most easily understood if we 
consider a somewhat idealized example in which a material 
contains a large number of elementary systems, each of 
which has the energy-level structure shown in Fig. 6. We 
wish to obtain microwave maser amplification at the fre- 
quency corresponding to the energy difference between the 
two lower levels. 

Since light has angular momentum, only certain transi- 
tions will be induced when the material is subjected to an 
optical pump signal which has right-hand circular polariza- 
tion (relative to an applied d-c magnetic field) and which 
is at the frequency which corresponds to the energy dif- 
ference between the lower two levels and the higher four 
levels. These transitions correspond to an increase of the 
quantum number m, by one, as indicated in Fig. 6. (It is 
assumed that the frequency breadth of the pump signal is 
large compared with the separation between the m, levels 
for each value of J.) When the stored optical energy is re- 


Microwave 
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Fig. 6—Energy-level diagram of proposed optically pumped 
maser. Partial inversion of populations at levels J = %2, my= 
—'’2 and J = %, m; = '% is achieved by optically pumping 
ions at lowest level to J = 3/2, m; = % level, whence they 
fall back to both lower-energy levels. 


radiated, the emitted light will be unpolarized so that it will 
be equally probable for m, to increase by one, decrease by 
one, or not to change at all. The optical decay scheme will 
therefore be as shown in Fig. 6. We therefore see that, on 
the average, transitions originating on the (J == ’%2, m, = 
¥2) level will not change the population of that level but 
that transitions originating on the (J = %2, m, = —'”) 
level will result in an increase in the (J = 4%, m, = ”%) 
level relative to the lower level. One might therefore say 
that the optical signal pumps the spins from the lowest level 
into the (J = 4%, m, = %) levels and if the interference 
of the re-radiated light with the pumping effect of the inci- 
dent light can be minimized, maser amplification should be 
attainable between the two lower levels. 

Provided one can find suitable materials, this method 
has the advantage that signals at very high frequencies can 
be amplified because the necessity for a microwave pump 
source at a frequency higher than the signal frequency is 
eliminated. (Instead one can provide an optical source.) 

However, the use of the optical pumping method presents 
many experimental and material problems and the actual 
operation of a device of this type still seems to be far in 
the future. At the present time, gaseous systems seem to 
show most promise for successful optical pumping. 


Parametric Amplifiers 


Basic Principles 


Although the maser amplifier can be described only in 
the somewhat unfamiliar language of quantum mechanics, 
the parametric amplifier can be completely described in 
terms of classical concepts more familiar to electrical engi- 
neers. 

Perhaps the simplest form of parametric amplifier is a 
condenser, the plate separation of which can be varied 
mechanically as shown in Fig. 7. If the condenser plates 
are moved apart when the difference in charge on the plates 


Co+C cos 2xht 
fp=2fs 


(mechanical “pump") Rs 


E, cos (27 f+ >) 


Fig. 7—Simple parametric amplifier. 1f capacitor plates can 
be mechanically moved apart whenever the difference in charge 
on the plates is a maximum (twice per cycle of f.), energy 
will be converted by the capacitor from f, to subharmonic 
frequency f., = f,/2. 
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is a maximum, the mechanical driving source must supply 
energy to overcome the electrostatic attractive force. When 
the charges on the two plates are equal, the separation of 
the plates can be changed mechanically without doing any 
work against the electrostatic fields. Consequently, if one 
drives the condenser plates mechanically at a frequency 
fp, One can amplify an electrical signal f, at one-half the 
pump frequency (f, == 2f,) by adjusting the phase of the 
pumping oscillation relative to the signal so that during the 
portions of the signal cycle when the voltage applied to the 
condenser is a maximum, the plates are pulled apart me- 
chanically and when the voltage on the plates is zero, the 
plates are brought back together again. The net result will 
be that energy is converted by the condenser from the fre- 
quency f, to the subharmonic frequency f, = f,/2, and 
more electrical energy will be supplied to the load R than 
would be if the condenser were not present. 

Obviously, no motor exists which can be used to vary 
the plate separation mechanically at microwave frequencies 
(i.e., greater than 1000 mc). However, one can obtain a 
time-varying capacity simply by applying a large alternating 
voltage at frequency f, to a nonlinear capacitor (i.e., a 
capacitor whose capacity is a function of the applied volt- 
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age). When this is done, the result is very nearly the same 
as though the element were varied mechanically, with the 
extra energy for the amplification now being obtained from 
the source of electrical energy at frequency f,. 

The nonlinear element has been shown as a capacitor in 
Fig. 7, but a nonlinear inductance would do just as well. 
The important thing is that the nonlinear element be re- 
active rather than resistive. 

In the device of Fig. 7 the amount of energy added to 
the signal (at frequency f,) will obviously depend on 

e amplitude of the signal 

e amplitude of the capacity variation at frequency f, 

e phase of the capacity variations (i.e., of the pump) 

relative to the signal. 

For a useful amplifier it is necessary to modify this sim- 
ple device so that the gain is independent of the relative 
phase of the mechanical driving oscillations (pump) and 
the signal. This can be done simply by the addition of a 
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Fig. 8—Non-degenerate parametric amplifier using a nonlinear 
capacitance. Gain is made independent of relative phase of 
pump and signal frequencies by adding a third or idle frequency 
(such that f, fi + fe) to “take up the slack.” 
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Fig. 9—Modes of parametric amplification. 
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third frequency to the system as shown in Fig. 8. The 
third frequency then serves to “take up the slack” in phase 
between the pump and the signal. This third frequency is 
often called the “idle” frequency. Each of the branches 
contain a parallel resonant circuit which is assumed to 
present zero impedance to all frequencies except those near 
its resonant frequency. The two branches are coupled to 
one another through a common nonlinear reactive element, 
the value of which varies at the pumping frequency f, due 
to the dependence of the reactance on the pumping voltage. 

Manley and Rowe have shown that for such a circuit, 
if one chooses the frequencies in the three branches so that 
lp f, + f., then the power W,, flowing from the nth loop 
(n 1, 2, p) into the nonlinear reactance satisfies the 
following relations: (5) 


(24) 
and 
W, —W, (25) 


Consequently, if one adjusts conditions so that energy 
flows into the nonlinear reactance from the higher fre- 
quency circuit at frequency f, (called the pump circuit), 
then this energy will flow out of the reactance at the lower 
frequencies f, and f,. The power flowing into the nonlinear 
reactance at the pump frequency f, is dependent on the 
voltage at frequency f, applied to the nonlinear reactive 
element and hence on the amount of signal power fed into 
the amplifier. 

It can be shown that in branches f, and /., the nonlinear 
reactance is equivalent to a negative conductance, the mag- 
nitude of which is dependent on the nonlinearity of the 
capacitance and on the magnitude of the applied pump fre- 
quency voltage. (6) One can therefore obtain amplification 
of a signal at a frequency near f, by feeding the signal to 
be amplified into the appropriate loop and adjusting the 
pump power to give sufficient negative resistance to over- 
come some of the circuit losses and provide the desired 
power gain. 

Although this circuit represents an idealized situation, 
it does demonstrate the basic principles of parametric am- 
plification and all parametric amplifiers are to a consider- 
able extent based on this circuit. The various parametric 
amplifiers differ from one another in the mode in which 
the nonlinear reactance is used and in the particular reac- 
tive element used, as will be discussed in succeeding sec- 
tions. 

When a parametric amplifier is used as a low-noise am- 
plifier, the signal voltage applied across the nonlinear reac- 
tance will be small compared with the pump voltage so that 
the nonlinear reactance driven by the pump is equivalent to 
a reactance which varies periodically in time with a funda- 
mental frequency equal to f,. Since a nonlinear reactive 
element is used to provide the time-varying reactance, para- 
metric amplifiers are also called “nonlinear reactance am- 
plifiers.” 

Because the parametric amplifier is a Modulating ampli- 
fier using variable Reactance, this device is also sometimes 
called a MAVAR; this name is most frequently used in the 
case of the ferromagnetic amplifier. 


Modes of Parametric Amplification 


A number of modes of operation are possible using the 
basic principles described in the preceding section. These 
are summarized in Fig. 9: 

e Negative resistance amplification: the signal to be am- 
plified is fed into and taken out of the amplifier at the 
same frequency. 

e Inverting up-conversion: the signal is fed into the am- 

plifier at f, but taken out at a higher frequency, 
f. = fy — hi. 


ip 
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e Non-inverting up-conversion: the signal is fed in at 
f, and taken out at a higher frequency, f, == f, + f,. 
e Four-branch amplifiers: amplification is obtained at a 
frequency higher than the pump frequency by using 
two pump circuits or by using two “idle” circuits. 
Let us now briefly examine each of these modes of opera- 
tion. 


Negative Resistance Amplifier. In this form of para- 
metric amplifier the signal is fed into and taken out of the 
amplifier at the same frequency, f,. The circuit used is that 
of Fig. 8. Amplification is obtained because the nonlinear 
reactance acts as a negative resistance in the f, branch. As 
in the case of the cavity-type maser amplifier, we can de- 
fine a negative Q for the nonlinear reactance in the f, 
circuit: 

l energy flowing out of reactance at f; per cycle 
Os. — Oe energy stored in resonant circuit 
so that for a resonant-cavity-type parametric amplifier the 
power gain (defined as the ratio of the reflected power to 
the incident power) is given by an expression mathe- 
matically the same as that for the maser amplifier: 


(2x 1] 9 Oni ; 
Os, e Ovi 
Qn \? 
(1%) 
Os) 
The exact expression for Q, will depend on the exact form 
of nonlinear reactive element used (see succeeding sec- 
tions). When we consider the transient behavior of this 
amplifier, we see from Eqs (24) and (25) that the field or 
current at f, must build up as does the field at f, so that 


the bandwidth B for the negative-resistance parametric am- 
plifier will be equal to 


(26) 


On 
(1 -G") 


i (26a) 


” i. Oi 

fi Os: fe 
for Q,, = Qs,, where the subscript | refers to the f, circuit 
and the subscript 2 refers to the f, circuit. 


Inverting Up-Converter. In this form of parametric am- 
plifier the circuit of Fig. 8 is used but the signal to be 
amplified is fed into the device at f,; and taken out at a 
higher frequency, /, f, — f,. Since f, is fixed, the fre- 
quency spectrum of the outcoming signal will be inverted 
as well as displaced relative to the input signal. In this 
device, use is again made of the negative resistance of the 
nonlinear reactive element plus the additional property 
given in Eqs (24) and (25): 


Ws _ fr 
Wf 

Since the amount of power flowing out of the capacitance 
at frequency f, is proportional to the signal power (at fre- 
quency f,) incident on the amplifier, Eq (27) implies that 
the power flowing out at frequency f., will also be propor- 
tional to the signal at f,. Therefore, if f, > f,, the power 
gain for a given pump power in an up-converter is greater 
than the power gain for a negative-resistance amplifier by 
a factor of approximate magnitude f.,/f,. The expression 
for the gain (defined as the ratio of power out at f. to 
power incident at f,) is 


G £2401 O12 — On/Os1 


7 fi Qe Ore 1 _ On . 
Qs 


With given Q,, and Q,. and a given Q,,/Qg,, the band- 
width is the same for negative-resistance amplifier and for 
lower-sideband up-converter operation [i.e., Eq (26a) ap- 
plies in both cases]; consequently, for a given gain, the 


(28) 
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lower-sideband up-converter has a bandwith which is ap- 
proximately \/f./f, larger than for the negative-resistance 
amplifier. 


Non-Inverting Up-Converter. In this form of parametric 
amplifier the signal is fed in near f, but is taken out at a 
higher frequency, f, =f, + f,. In this mode of amplifica- 
tion the nonlinear reactance acts as a positive resistance 
at f,, but the power flowing in at f, controls the amount 
of power flowing out at f,. The power gain is still de- 
pendent on the magnitude of the applied pump voltage, 
but for a device using resonant circuits the maximum gain 
is f,/f,. The expression for the power gain is 


G F240 Qi Q11/Qsi (29) 


hi On Ons ( 14 Ou’ 
: 0. ) 


where Q, has the same definition as for the negative-resist- 
ance amplifier and the inverting up-converter. The band- 
width for this device is approximately the same as the 
bandwidth of the resonant circuit at f, (i.e., approximately 
f,/Q,,) and can therefore be quite large. 


Four-Branch Amplifiers. Other forms of parametric 
amplifiers permit obtaining large gains at frequencies 
greater than the pump frequency. One of these schemes, 
suggested by C. L. Hogan, is schematically indicated in 
Fig. 10. (7, 7a) In this scheme the signal f, to be ampli- 
fied is first mixed with the pump f, to give a difference 
(f, — f,) which is less than f,. This difference is then 
amplified in a negative-resistance amplifier with f, as the 
pump and then is mixed with f, again to give an amplified 
output at f,. Increased gain can be obtained by feeding 
back a portion of the output to the input. If a circuit 
resonant to frequencies f,, f,, (f, — f,) and (2f, — f,) can 
be designed, all three of the functions can be performed 
in a single nonlinear reactive element with very little more 
pump power than is required for a negative-resistance am- 
plifier operating at f,. 

In another scheme, suggested by Bloom and Chang, 
two pump signals are used to amplify a signal higher in 
frequency than either pump. (8) If the pump frequencies 
are f,, and f,. and the signal frequency is f,, then negative- 
resistance amplification is obtained at f, provided currents 
flow in a fourth branch at frequency f, given by 

fn +tfne =f ths (30) 
(This method depends on the presence of a quadratic term 
in the expression for reactance as a function of applied 
voltage or current.) With this method, one can choose 
for == fp. and f, > f, so that higher-frequency amplifica- 
tion can be obtained without a great increase in circuit 
complexity. 

All of the modes of parametric amplication described 
above can be modified to provide amplification in travel- 
ling-wave structures rather than resonant cavities. 


f3- fy (<‘p) f3-fp 


Signal in Signal out 


Negative 
resistance 


amplifier 


Fig. 10—Scheme suggested for amplifying signals at frequencies 
higher than pump frequency by using two idle frequencies, 
fz — fp and 2f, — fg. (7, 7a) 
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Noise in Parametric Amplifiers 


As in the maser amplifier, it is convenient to measure 
amplifier noise in terms of an excess noise temperature. 
The excess noise of a parametric amplifier arises from two 
sources: 

e Black-body radiation from resistive elements within 
the amplifier at the output frequency. 

@ Black-body radiation from resistive elements in the 
branch tuned to the sum or difference of f, and the output 
frequency; this noise will be converted to the output fre- 
quency by the nonlinear reactance. 

If the nonlinear reactance is indeed a pure reactance i‘ 
will contribute no noise to the output of the amplifier. 

The effective temperature of the noise generated in thx 
output circuit will be equal to the operating temperatur 
of this circuit, but by proper design the magnitude of thi. 
noise can be greatly reduced as compared to the output 
signal by mismatching portions of the circuit relative to 
the input and output loads. This can be done only at the 
sacrifice of increasing the pump power required for a given 
gain. (This means of noise reduction can also be applied 
to maser amplifiers.) 

The effective temperature of the converted black-body 
noise from the f. circuit is of the order of f,/f. times the 
operating temperature of the amplifier, where f, is the 
lower of the two low-power frequencies and f, is the higher 
one. This is a direct consequence of Eqs (24) and (25). 
The most effective means of reducing this noise is to 
make the ratio f,/f. as small as possible. For instance, with 
room-temperature operation, a ratio of f,/f, —= 0.1 gives an 
effective temperature of 7, == 30 K for the noise con- 
verted from the f, circuit. A considerable reduction can 
also be attained by cooling portions of the circuit. 

With proper design it is theoretically possible to operate 
parametric amplificrs at room temperature and obtain 
overall excess noise temperatures of less than 50 K. 


Types of Nonlinear Reactive Elements 


At the present time two different methods seem capable 
of providing usable nonlinear reactance in the microwave 
region: a nonlinear capacitance obtained with a p-n semi- 
conductor junction; or a nonlinear inductance obtained by 
using the nonlinear properties of ferromagnetic precessional 
resonance. In this section will be discussed briefly the 
mechanisms which give rise to these nonlinear reactive 
properties. 


Nonlinear Capacitive Semiconductor Junctions. Currently 
the most practical microwave parametric amplifiers are 
those which use semiconductor junctions as nonlinear ca- 
pacitive elements. In these amplifiers a small semiconductor 
junction is used as a nonlinear reactive element common to 
three electromagnetic fields. The lumped parameter analog 
of the microwave circuit is the one shown in Fig. 8. 

Let us consider a “step” semiconductor junction formed 
by a sharp boundary between p-type and n-type semicon- 
ductors. The concentration of immobile donor and ac- 
ceptor* ions in the vicinity of the junction will be as shown 
in Fig. lla. When no voltage is applied to the junction, 
the free charges will be distributed as shown in Fig. 11b, 
and the net charge will be as shown in Fig. 1 1c. The distri- 
bution of fixed charges is equivalent to a charged capacitor, 
the capacitance of which depends on the spacing of the 
charge of opposite sign. When a voltage is applied to the 
junction, the electron and hole distributions shown in Fig. 
11b will be altered and the mean separation of the fixed 
charges shown in Fig. llc will change. Therefore, the 
capacitance of the junction is dependent on the voltage 
applied to the junction. Detailed analysis shows that for 


*For definitions of semiconductor terminology, see “Introduction to Semi- 
conductor Theory,”’ ELECTRICAL MANUFACTURING, January 1959 


148 


Concentration 
of immobile charges 


Point where donor and 
acceptor concentrations 


| 
Zs are equal 
| 


Donors Acceptors 


Distance 


Concentration 
of carriers 


Bios voltage, 
| 
| 
© | 
| Holes 


Distance 


Net 
charge density 


| 
| 
Distance 
| 
| 
| 


Fig. 11—Distribution of charge across a p-n semiconductor 
“step” junction with no voltage applied. When voltage is ap- 
plied, capacitance will change. 


c 
| Rs 
Fg 
Fig. 12—Equivalent circuit of a semiconductor diode. At 


microwave frequencies, barrier resistance Rs is much larger 
than Xc¢ and can be neglected. 


a step junction the capacitance is given by 
kK 


soy (31) 
‘. = 


where V is the voltage applied to the junction and K and ¢ 
are constants. Other types of junctions can be fabricated 
for which the capacitance is a different function of voltage. 

In addition to the capacitance, the junction will have a 
parallel resistance R,, which is a measure of the thermally 
generated reverse current flowing through the junction 
under conditions where the mobile charge distributions do 
not overlap. There will also be a series resistance R,, which 
is a measure of the ohmic losses in the semiconductor body 
and at the metal contacts used to obtain d-c bias. The 
equivalent circuit of the semiconductor diode in the micro- 
wave region is as shown in Fig. 12. 

For capacitive diodes at microwave frequencies, the bar- 
rier resistance R,, is much larger than the magnitude of the 
capacitive reactance so that R, can be neglected. 

Since it is desired that diodes in nonlinear reactance am- 
plifiers be as nearly pure capacitances as possible, consider- 
able effort is being made to reduce R,. Diodes are currently 
available with R, small relative to the capacitive reactance 
for frequencies as high as 5 kmc. These diodes therefore 
act very nearly as pure nonlinear capacitances when used 
in parametric amplifiers below 5 kmc. 

Returning now to Fig. 8, if one of these diodes is used 
as the nonlinear capacitance, then the capacitance in each 
of the n branches (nm = 1, 2) can be approximated by the 
function 


C, = Con + C cos 2xf pt (32) 
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Fig 13—Precession of magnetization M of a spherical ferro- 
magnetic sample about applied d-c field Ho. M would tend to 
precess about Ho at natural frequency fo = Y Ho and come to 
rest in direction of Ho were it not for the energy of applied 
04 field hy, which causes M to precess at an equilibrium 
angle @. 


where C is the linearly varying portion of the capacitance, 
and C,,, is the parallel combination of the circuit capaci- 
tance and the non-varying diode capacitance in the f, 
branch. A detailed analysis then shows that the magnitude 
of the negative Q of the diode is given by 

l (Cy? 


= (ro 
Os. "Cats 


(32a) 


Using this expression in Eqs (26), (28) and (29), one ob- 
tains expressions for the power gains of the various types 
of parametric amplifiers. Since C will depend on the pump 
voltage (at frequency f/,), the gain of the diode amplifier 
will depend on the amount of pump power fed into the 
amplifier. 

The major advantage of the diode amplifier is its extreme 
simplicity. Whereas most maser amplifiers and the ferro- 
magnetic parametric amplifier require large magnetic fields 
for operation, the diode has no such requirement. All that 
is required is a suitable multi-resonant cavity configuration, 
the diode, and an external pump source of moderate power. 
To change the frequency to be amplified by the diode am- 
plifier one simply changes the resonant frequencies of the 
f, and f, cavities. Currently available diodes are limited 
to frequencies less than about 10 kmc because of their 
series resistance. 


Ferromagnetic Amplifier, Electromagnetic Mode. An- 
other promising form of parametric amplifier is the ferro- 
magnetic microwave amplifier originally suggested by H. 
Suhl. (9) In this amplifier a small piece of ferromagnetic 
material (such as ferrite or garnet) acts as a nonlinear in- 
ductive element coupling three electromagnetic fields. 

Each of the ions in a ferromagnetic material has an 
angular momentum S’ with associated magnetic moment 
M’ = yS’. Since the spins tend very strongly to be parallel 
to one another in a saturated sample, the entire sample of 
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N ions has a total angular mamentum S == NS’ and a 
total magnetic momentum M = NM’ = y¥S. 

When a spherical ferromagnetic sample is placed in a 
d-c magnetic field H, large enough to saturate the sample, 
the total magnetization M will tend to precess around H, 
at the natural precession frequency f, == yH,, where 
y = 2.8 mc/gauss. If one then applies an oscillating mag- 
netic field h, cos 2xf,t at right angles to H, as in Fig. 13, 
the precession will be driven at the frequency f, and the 
precession angle will assume an equilibrium value which 
for f, = f, is 


vhyfo 


ES (fy — fo)? 
ratify [1+ Cre | 


9 = (33) 


where yAH is the “width” of the ferromagnetic resonance 
curve (1/yAH is the time constant for the decay of @ 
back to zero after the field h, is turned off; i.e., yAH is a 
measure of the internal damping mechanism acting on the 
magnetization). 

Suppose that the magnitude of H, is modulated by a 
small field h, cos 2xf,t as shown in Fig. 14. This results in 
a modulation of the natural resonance frequency f, == 
yH = AH, + h, cos 2zf,t) so that @ [Eq (33)] is modu- 
lated at frequency f, and a component of magnetization 
perpendicular to H, is generated: 

VM, = M sin @ cos 2xf,t 


x 1 hp yh ‘ 
ae M3 AH >, cos 2r(fp — fit +... (34) 


Since f, = (f, — f,), this time-varying magnetization 
will generate a small magnetic field A,sin(27f.t) perpen- 
dicular to H,. This field will modulate the direction of H, 
as shown in Fig. 15. A component of M will therefore be 
generated parallel to HK, given by 


lL hp yhe 


ae 2 AH 2fo 


sin 2r(fp — fot +... (35) 


But (f, — f.) = f,, so that this time-varying magnetization 
will generate an r-f magnetic field at frequency f,. It can 


h, cos 2x7, | 


fo = y total 


1 =H +h, cos 2rf\t 
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Fig 14—When the d-c field is modulated by a small alternating 
field hy at signal frequency f,, angle 9 will also be modulated 
at fy and a component of magnetization Mx will be gener- 
ated perpendicular to Ho. This will produce an idling field 
he perpendicular to Ho at the difference frequency f, fi fe. 
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2fo 
' 


Fig. 15—The field he generates a component of magnetization 
M, parallel to Ho varying at the rate f, fe fi. This in 
turn generates an r-f magnetic field at the original signal fre- 
quency f; and in phase with it. Thus the magnetic mixing 
= is regenerative and amplification of the original signal 
resuus. 


be shown that the phase of the field then generated is the 
same as the phase of the original field, so the ferromagnetic 
mixing process is regenerative and the ferrite sample ap- 
pears as a negative resistance to both the f, and f. fields. 
The excess energy is supplied by the pump signal at f,. 
[he magnitude of the negative resistance is roughly pro- 
portional to the magnitude of the pump power incident 
on the amplifier at f,. 

It is therefore possible to make a nonlinear reactance 
amplifier by placing a small ferromagnetic sample in a 
triply-resonant microwave cavity configuration with the 
cavity magnetic fields coupled to one another through the 
magnetization of the sample. The fields at frequencies f, 
and f, are perpendicular to H, and the field at frequency 
f, is parallel to H,. According to the simplified explanation 
given above, the regenerated field at frequency f, should 
be directly proportional to h,*, the square of the pump- 
field amplitude. Hence, the negative Q of the ferromagnetic 
sample is directly proportional to the pump power P flow- 
ing into the pump cavity. According to Eq (26), the steady- 
state gain of this amplifier will become infinite when P 
has some critical value P, which makes the power emitted 
by the ferrite equal to the power dissipated in the circuit 
for a given stored energy. Therefore, we can replace Q,/Q, 
in Eq (26) by P/P., obtaining the gain 


P = » Ou ) 
P, Or 
P 2 
(i~K) 
A complete analysis shows that the critical pump power is 
given by (9) 


(36) 


f Ke OaeM) On O1 


(xfi)* . ( yo) GD (37) 


where AH is the resonance width at the pump frequency, 
V.. is the volume of the signal cavity, V, is the volume of 
the same, 47M is the saturation magnetization of the 
sample, and Ky, is a constant which depends only on the 
geometry of the device. From this expression we see that 
for low pump-power requirements one desires large sam- 
ples with a small resonance width AH. Single-crystal 
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yttrium-iron garnet with AH less than one gauss would 
therefore seem to be an ideal material for this device. The 
bandwidth of this device is 


P 
( := :) 
- On Que P 
hi” fe Ps 


B 


for P = P.. 

Unfortunately, the somewhat simplified theory outlined 
above is not valid when the resonance width becomes very 
small (as is the case for single-crystal yttrium-iron garnet). 
If the precession angle @ becomes larger than a small 
“critical” value 0, (a few degrees), then Eq (33) is no 
longer a good description of the relationship between @ and 
the driving pump frequency field h,; in fact, @ becomes a 
more slowly varying function of h,, so that the effective 
nonlinearity for the ferrite is reduced. This reduction in 
nonlinearity occurs because the energy which for 6 < @, 
was being used to overcome the normal damping mecha- 
nism is now (when @ 6.) channeled partly into modes 
of precession other than the uniform mode. (/0) Since the 
power required for oscillation is proportional to (AH)?*, 
whereas the power required to obtain @, is proportional to 
(AH)? (AH/4x7M), reducing AH may result in a condition 
where @, is reached before the amplifier produces useful 
gain and excessively high pump power will be required to 
produce usable amplification. This “pump power saturating” 
effect may prove to be a severe limitation on the ferrite 
amplifier. 

The principal advantages of the ferrite amplifier are: 

e The ferrite is almost a pure reactance at frequencies 

far from the pump frequency. This should result in 
low-noise performance. 
The ferrite has high Q nonlinear reactive properties 
over a broad frequency range extending from a few 
megacycles to the sub-infrared range, so that if suit- 
able high-frequency pump sources can be found, ex- 
tremely high-frequency amplifiers could be obtained. 
The use of a four-frequency scheme like the one of 
Bloom and Chang or Hogan would appear to be 
attractive for these high-frequency applications. 


Ferromagnetic Amplifier, Semistatic Mode. There is an- 
other method of operating a ferromagnetic nonlinear re- 
actance amplifier which may remove in large part the 
limitations imposed by the pump-power saturation effect. 
This mode of operation is called the semistatic mode. The 
major advantage of this mode is the reduction of the magni- 
tude of pump power required to produce a given gain, but 
the semistatic device has the disadvantage of having a 
smaller bandwidth than does the electromagnetic mode. 

To understand this mode of operation, one must first 
consider forms of ferromagnetic precession other than the 
uniform precessional mode described above. If a ferro- 
magnetic sample is placed in an r-f driving field which 
varies in magnitude or phase throughout the sample, then 
non-uniform modes of precession are obtained. (//) In 
these modes the magnetizations of different portions of the 
sample precess with different relative phases. The resonant 
frequency for each of these modes will differ from the uni- 
form mode. The non-uniform mode spectrum which is ob- 
tained at constant magnetic field is shown in Fig. 16 as a 
function of driving frequency for a driving field which has 
even symmetry with respect to the center of the sample. 
Driving fields of different symmetry will excite other sets 
of non-uniform modes. 

Each of the non-uniform modes has an effective QO given 
by 

InM 


Oe = AH, (39) 


where AH,, is the resonance width of the mode. Suhl has 
shown that these non-uniform modes are coupled in pairs 
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to the uniform precession through the nonlinearities of the 
uniform precession. (/0) Consequently, one of these modes 
(resonant at frequency f,) can be used as the idle circuit 
in place of a resonant microwave cavity. When this is done 
the ferrite sample is used to couple the magnetic fields in 
two resonant cavity fields—one at the pump frequency f, 
and the other at the signal frequency f,, where f, == (f, + 
f,). Since the sample supplies one of the resonances, only 
a doubly-resonant cavity is necessary, and Q,. of Eqs (36), 
(37) and (38) should be replaced by 441M/AH,. Thus the 
power gain for the semistatic amplifier is given by Eq (36) 
with 
p. = K, 2h AH: 1 ( V. 
’ * (40M) 4eM O11, VV, 


) (AH)? (40) 


and the bandwidth is given by 


(1-5) 


On nM P 
ae 2 


B= 


for P/P, * 1. 

For some materials, notably single-crystal yttrium-iron 
garnet, AH./47M is smaller than typical values of 1/Q,, 
and, for the semistatic mode K,, is considerably smaller 
than K, of the electromagnetic mode. Consequently, the 
pump-power requirements for a given gain are less with 
the semistatic mode than for the electromagnetic mode. We 
also note that the mechanism which channels energy from 
the uniform precession into the nonuniform modes is less 
serious for the semistatic mode than for the electromag- 
netic mode. * 

However, comparison of Eq (41) with Eq (38) shows 
that the maximum bandwidth obtainable with the semi- 
static mode is much smaller than for the electromagnetic 
mode if AH/47M is small. 

Walker has shown that the semistatic modes are resonant 
only at frequencies between y[H, — (44N.— 27)M] and 
ylH, — 4xN.M], depending on the shape of the sam- 
ple.(77) (N. is the demagnetizing factor along the direc- 


*See paragraph following Eq (38). 
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Fig 16—Non-uniform precessional mode spectrum of a ferro- 
magnetic sample in a constant d-c magnetic field, caused by 
variance across sample of magnitude and phase of induced 
magnetization from r-f driving field. (Spike at right is uniform 
mode.) 


tion of H,.) This means that the maximum frequency which 
can be amplified in the semistatic amplifier is 
fi(max) = y2xM 

For yttrium-iron garnet this is of the order of 2.4 kmc, so 
that the ferrite semistatic mode amplifier must compete 
rather directly with the diode amplifier in the frequency 
range where the diode amplifier has already been shown 
to be satisfactory. 

Many intriguing problems arise when one attempts to 
construct a ferromagnetic amplifier using very narrow- 
resonance materials. At the present time it appears that 
a more perfect understanding of the complicated processes 
of ferromagnetic resonance must be obtained before the 
ferromagnetic amplifier can become a practical device. 

However, since the Q of ferromagnetic precessional res- 
onance remains high even in the millimeter wavelength 
region, it is to be hoped that ferrites may prove to be 
useful for parametric amplifiers at frequencies higher than 
those at which the diode can be used. 


The Tunnel-Diode Amplifier 


DURING THE PAST FEW MONTHS con- 
siderable interest has developed in One can 
another type of low-noise, solid-state 


quencies greater than 5 
consequently use one of 


ciated microwave circuit, the major 
source of noise in the tunnel-diode 


<< 10° cps. 


amplifier using p-n semiconductor 
junctions. In the maser and parametric 
amplifiers described in this article, a 
negative conductance is obtained by 
using the active material to convert 
pumping energy at a high frequency 
to in-phase output at the signal fre- 
quency. However, it is also possible 
to obtain a negative conductance 
which simply converts d-c energy to 
r-f energy; this is the function of the 
negative - conductance _ tunnel - diode 
amplifier described below. 

It was found by L. Esaki in 1957 
that, for very strong impurity concen- 
trations and very narrow transition 
regions, a p-n junction can be made 
such that, for small positive d-c bias 
voltages, an increase of voltage pro- 
duces a decrease of current. (23) Fur- 
ther experiments have shown that 
the resulting negative a-c conductance 
is frequency-independent up to fre- 


OCTOBER 1959 


these diodes biased with d-c voltage 
of the appropriate value as a negative 
conductance in a microwave circuit. 
By adjusting the value of the negative 
conductance (by changing the d-c 
bias) to a value just less than the 
total positive conductance in the cir- 
cuit, large gains can be obtained. The 
resulting gain expression will be 
similar to the expressions of Eqs 
(16) and (26) where Q, is now de- 
fined as 27 times the energy stored 
in the associated resonant cavity at 
the signal frequency divided by the 
energy emitted by the negative con- 
ductance per cycle. 

Since the diode acts as a negative 
resistance in this device (as in the 
maser), the bandwidth will be given 
by the expression of Eq (17) and as 
the gain approaches infinity the band- 
width approaches zero. 

In addition to the Johnson noise 
associated with the losses in the asso- 


amplifier is shot noise resulting from 
the d-c bias current. By proper fabri- 
cation of the diode, the ratio of the 
d-c bias current to the r-f conductance 
can be made small and this source of 
noise can be minimized. K. K. N. 
Chang, in an article describing experi- 
mental measurements on a_tunnel- 
diode amplifier, states that it should 
be possible to construct microwave 
tunnel-diode amplifiers operating at 
room temperature with noise figures 
as low as those obtained with para- 
metric amplifiers. (24) 

Since the increase of energy for 
the amplification process is obtained 
from a d-c rather than from an r-f 
source in a tunnel-diode amplifier, 
this type of amplifier shows consid- 
erable promise for applications in 
low-noise microwave receivers where 
simplicity of hardware is of greater 
interest than is the ultimate in low- 
noise figure. 





Experimental Molecular Amplifiers 


No description of molecular amplifiers would be com- 
plete without a brief review of the actual performance of 
the devices themselves. In this section several representa- 
tive devices are briefly described. 


Maser Amplifiers 


Ammonia-Gas Maser. The first maser obtained popula- 
tion inversion by deflecting a beam of ammonia molecules 
with an inhomogenous electrostatic field.(3) This device 
is Operated at room temperature, but the excess noise tem- 
perature of the device is approximately 80 K. The signal 
frequency is 24,000 mc, but the bandwidth is only a few 
kilocycles; consequently, this device finds more application 
as a very stable frequency standard than as a low-noise 
amplifier. 


Two-Level Solid-State Maser. A two-level solid-state 
maser has been operated at the Westinghouse Research 
Laboratories.(/2) This device obtains population inversion 
by the method of adiabatic rapid passage. For a precise 
description of this method see the paper by Bolef and 
Chester. (/3) 

In brief, the population inversion is obtained by slowly 
sweeping the applied d-c magnetic field (which determines 
the resonance frequency for the transition) from one side 
of resonance to the other while the paramagnetic sample 
is subjected to a high-power signal at about 9.3 kmc. After 
the inversion process has been completed, the pump signal 
is turned off and the magnetic field is returned to the value 
which gives resonance at the signal frequency 9.3 kmce. 
Useful amplification is obtained for a period of about one 
millisecond duration after the inversion. The gain, of 
course, decreases with time during this period due to the 
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Fig. 18—Experimental cavity-type ferromagnetic amplifier: 
(a) complete unit, (b) internal view of cavity and ferro- 
magnetic element, (c) operational sketch. 
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Fig. 17—Schematic diagram of experimental two-level, solid- 
State maser. 


relaxation process. The device uses neutron-irradiated 
quartz as the paramagnetic material and operates at 4.2 K. 
The bandwidth is 500 ke for a gain of 20 db. The excess 
noise temperature of this amplifier has not yet been 
measured. 

Physically this amplifier consists of a resonant cavity 
containing the paramagnetic sample. The cavity is im- 
mersed in a Dewar flask containing liquid helium and an 
external d-c magnetic field of about 3000 gauss is applied 
to the assembly. The cavity is connected to the pump and 
the signal source through waveguides. The pump source 
is a klystron of moderate power (see Fig. 17). 
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Fig. 19 — Experimental cavity-type 
diode amplifier: (a) complete unit, 
(b) close-up of diode cavity, (c) 
operational sketch. 
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Three-Level Solid-State Masers. Probably the most suit- 
avle paramagnetic material yet found for use in three-level 
masers is ruby (Al,O, with a small Cr+** impurity con- 
centration). A resonant-cavity negative-resistance amplifier 
using this material has been operated at the University of 
Michigan.(/4) With a pump signal of 120 milliwatts at 
24 kmc, this device amplifies signals at about 9.3 kmc. The 
bandwidth of this amplifier is several megacycles. A mag- 
netic field of about 4200 gauss is required. The noise figure 
of this device has not yet been published. 

Another device using Cr+++ ions (this time in a potas- 
sium-cobalt-cyanide host crystal) has been operated at 
Lincoln Laboratories. (/5) With 10 milliwatts of pump 
power at 9.4 kmce, signals at 2.8 kme are amplified. The 
bandwidth for 20 db gain is 180 ke. With an operating 
temperature of 1.25 K, excess noise temperatures less than 
20 K have been measured for the entire maser (including 
external waveguide losses). The d-c magnetic field is about 
2200 gauss. 

A three-level cavity maser consists physically of a doubly- 
resonant cavity (resonant at the pump and signal frequen- 
cies) which contains the paramagnetic sample. The cavity 
is immersed in liquid helium and placed in a d-c magnetic 
field. The pump power and the signal are fed into the 
cavity through suitable transmission lines. 

A three-level travelling-wave maser using ruby has been 
constructed at Bell Telephone Laboratories.(22) Operating 
at liquid-helium temperatures, this device amplifies signals 
at 6 kmec with a tunable bandwidth of several hundred 
megacycles. The pump power is 100 milliwatts at about 
19 kmc. The broad bandwidths to be obtained with the 
travelling-wave device would seem to indicate that this will 
be the most useful form of the maser amplifier for com- 
munications applications. 


Parametrie Amplifiers 


Ferromagnetic Amplifiers. Ferromagnetic amplifiers have 
been operated in the electromagnetic mode at Bell Tele- 
phone Laboratories,(/6, 7a) Westinghouse Research Labo- 
ratories,(/7) and Hughes Aircraft.(/8, /8a) All of these 
devices use pump power of a few kilowatts at about 10 kmc 
to amplify signals at 5 kmc. The ferromagnetic materials 
used in these amplifiers are either single-crystal manganese 
ferrite or polycrystalline yttrium-iron garnet. The band- 
width of one of these amplifiers (shown in Fig. 18) was 
about 2 me for a gain of about 20 db. (/7) Because of the 
high pump-power requirements, these devices must use 
pulsed pump sources. The excess noise temperature of a 
c-w ferrite amplifier has not yet been measured. 

M. T. Weiss of the Bell Telephone Laboratories has 
succeeded in reducing the pump power required by using 
single-crystal yttrium-iron garnet in a semistatic mode fer- 
romagnetic amplifier, but the power requirement is still 
such that pulsed operation is necessary. (/9, 7a) 

All of the ferromagnetic amplifiers consist of doubly- 
resonant microwave cavities placed in a d-c magnetic field 
of the order of 3000 gauss. These devices are operated at 
room temperature. 


Diode Amplifiers and Up-Converters. Using specially 
fabricated diodes, parametric amplifiers have been operated 
at many laboratories. All operate at room temperature. 

A negative-resistance cavity-type amplifier, similar to the 
unit shown in Fig. 19, has been used to amplify signals at 
6 kmc. (20) Approximately 500 milliwatts of pump power 
are required at 12 kmc. With a gain of 20 db, the band- 
width was a few mc, excess noise temperature 900 K. 

An upper-sideband up-converter has also been de- 
scribed. (20) With a pump signal of 8.9 kme and 200 milli- 
watts, the input frequency is 460 mc and the output fre- 
quency is 9.36 kmc. The bandwidth is many megacycles 
for nearly the maximum gain of 12 db. The excess noise 
temperature is 170 K. 


OCTOBER 1959 


Symbols and Definitions 


B bandwidth, eps 
c velocity of light 
C capacitance 
E energy level 
charge-to-mass ratio of electron 
j frequency 
natural precessional frequency (— 7H») 
pump frequency 
signal frequency 
noise factor, also force 
noise figure, db 
constant (sometimes called the “gyromagnetic ratio”) 
power gain 
Planck’s constant (= 27h = 6.6 & 10°?" erg-sec) 
alternating magnetic field 
d-c: magnetic field 
intrinsic angular momentum of a charged particle 
component of J along Ho 
Boltzmann’s constant (= 1.38 « 10°° erg-deg K”’) 
constant 
mass of a particle 
allowed values of J, 
intrinsic magnetic moment, also magnetization 
component of magnetization perpendicular to Ho 
component of magnetization along Ho 
magnetic moment of ferromagnetic ion (— YS’) 
an integral number 
instantaneous population of energy level E, 
total number of elementary spin systems or ions 
equilibrium population of level E, 
number of noise quanta per unit bandwidth 
pump power 
critical pump power 
noise power 
quality factor 
sample quality factor 
unloaded cavity quality factor 
external circuit quality factor 
loaded cavity quality factor 
position vector of a charged particle 
resistance 
angular momentum of a ferromagnetic ion 
total angular momentum of saturated sample (— NS’) 
time 
temperature, degrees Kelvin 
effective noise temperature 
excess noise temperature 
room temperature (300 K) 
spin-lattice relaxation time at energy level E, 
velocity vector of a charged particle 
voltage 
volume of cavity 
volume of sample 
energy 


Greek Symbols 
r transition probability 
y gyromagnetic ratio (= fo/Ho — 2.8 me/gauss) 
AH “width” of ferromagnetic resonance curve 
6 angle between magnetic moment and applied magnetic 
field 
Bohr magneton, magnetic moment of the electron 
(= 0.93 & 10°*° erg-gauss”*) 
charge of a particle 
a constant 
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A travelling-wave negative-resistance amplifier has been 
built amplifying signals at 380 mc with a pump signal of 1 
to 2 milliwatts at 630 mc. (27) The bandwidth is 10 to 20 
me and the gain obtained is 10 to 12 db. The excess noise 
temperature of this device is 360 K. This device uses four 
of the diodes used in the other diode amplifiers described 
above. 

As in the case of the maser amplifier, the most promising 
form of the parametric amplifier for communications appli- 
cation seems to be the travelling-wave device because of 
the desirability for large bandwidth. 
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Summary 


From the above discussion we see that although masers 
are capable of producing very low excess-noise tempera- 
tures, they are still complicated devices requiring cooling to 
very low temperatures, large magnetic fields, and very 
critical materials. Parametric amplifiers do not yet seem 
capable of providing as low-noise amplification as the 
masers, but they are considerably simpler in that they can 
be operated at room temperature and (in the diode case) 
do not require magnetic fields. These amplifiers should 
therefore find many applications in systems where the 
absence of cooling is more important than achievement of 
the ultimate in noise temperature. The tunnel diode in 
particular promises considerable hardware simplification. 

In addition, the parametric amplifier offers the possibility 


of frequency conversion with gain which may be useful in 
some applications. Parametric amplifiers are theoretically 
capable of providing excess noise temperatures as low as 
those of maser amplifiers, but the lowest measured excess 
parametric amplifier noise temperatures to date are of the 
order of room temperature. 

Further work on both types of devices and on materials 
for use with these devices is necessary before masers or 
parametric amplifiers will find common use in radar or 
communications systems. But with the large amount of 
effort currently being expended on both types of amplifiers, 
the time for wide application of low-noise solid-state micro- 
wave amplifiers cannot be far away—if it is not already 
here. 00 0 
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THE 
FOUR-BAR 
LINKAGE 


As a Function Generator 


Devices for either computation or control 
frequently require linearizing of signals 
between one component and the next. 
The electrical engineer is usually respon- 
sible for the design or selection of func- 
tion generators; all too often he overlooks 
the simplicity and versatility of the four- 
bar linkage for linearizing or other func- 
tion generation because of not understand- 
ing the mechanism. The basic nature of 
the linkage can be demonstrated in terms 


that are familiar to the electrical engineer. 


WARREN D. WEINSTEIN 

Associate Engineer, Marine Division 
Sperry Gyroscope COMPANY 

Division OF Sperry RAND CORPORATION 
Roosevelt Field, New York 


FUNCTION GENERATORS HAVE the property of converting 
known arbitrary inputs into desired outputs. Their use 
arises in the design of control equipment, where it is 
often found necessary to linearize inputs to simplify the 
design of computers by avoiding the need for predicting 
non-linear system performance. In the field of mechanical 
engineering, the linearization of hydraulic valve inputs 
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is frequently necessary. The automatic control of curing 
processes where temperature is varied as a function of 
time, and the linearization of transducer outputs are also 
problems that can be handled by the use of function 
generators. 

Function generators are also used in making com- 
putations. The automatic control system of an airplane, 
for instance, requires change-of-altitude information for 
its constant-altitude mode of operation. The majority of 
auto-pilots use barometric pressure sensors for this pur- 
pose. The change in barometric pressure for one foot of 
altitude change at various altitudes is non-linear, as shown 
in Fig. 1. For system performance it is desirable to keep 
the error information, per foot of altitude change, con- 
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Fig. 1—Sensitivity of barometric pressure sensor at various 
altitudes. 
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Fig. 2—Desired sensitivity of pressure sensor. 


stant for all altitudes, Fig. 2. It is seen that a device is 
needed to transform the information obtained in Fig. 1 
into that of Fig. 2. Function generators that should be 
considered for such problems are: 

1. Four-bar linkages 

2. Cam mechanisms 

3. Electrical diode function generators 

1 

5 


. Functionally wound potentiometers 

5. Electromagnetic function generators. 

In many applications the four-bar linkage is less ex- 
pensive than the other devices mentioned. It is adaptable 
to high speeds, is inherently light and has little friction 
or backlash. 

Two methods are open to designers of four-bar link- 
ages to be used as function generators. The geometric 
or graphical method may be desirable for problems which 
allow comparatively large errors in output. Using this 
method, the designer can observe the dimensions of the 
linkage that he is devising. The analytical method, often 
more laborious than the graphical method, should be 
used where greater precision is required. As an extension 
of the analytical method of design, linkage proportions 
for some of the more common mathematical functions 


Friction 
wheel (A) 


Fig. 3—Friction-wheel integrator. 


Fig. 4—Prineciple of the gear 
differential. 


Translation 


Connecting rod 


Slider 


Bearing block 


Slider crank mechanism. 


have been tabulated with the aid of electronic digital 
computers. It must be noted, however, that a successful 
design procedure must combine the predominantly 
analytical aspects of this method of design with consid- 
erations such as ranges, jamming possibilities and any 
space limitations that may exist in the actual problem, 
which can be determined by graphic methods. 

Before the designer can apply the four-bar linkage, 
however, some information about computing mechanisms, 
linkages and the connection between links should be 
known. 

Computing Mechanisms. Computing mechanisms 
may be divided into two distinct types: digital and analog. 

The digital or arithmetical mechanism counts units. 
The familiar desk calculator, for example, accepts inputs 
in numerical form on a keyboard, and performs the 
arithmetical operation of addition and subtraction. Multi- 
plication and division are handled by the automatic con- 
trolling of addition and subtraction. 

Analog type mechanisms act at all times and reflect a 
continuous function of the subject they represent. These 
devices, which are also known as continuously acting 
mechanisms, fall into two main classes: 

1. Differential equation solvers 

2. Function generators. 

Differential equation solvers are mechanisms that gen- 
erate solutions to differential equations. A widely used 
device of this type is the friction-wheel integrator, Fig. 
3. The output y is generated by the friction wheel A in 
contact with the disk B. The radius of the friction wheel 
is a. Spring C supplies the force necessary to hold A to B. 
The distance that the friction wheel is moved along its 
axis from the center of the disk is parameter b. When the 
input x is applied to the disk, the action of the mechanism 


gives: 


I 
bdr =ady or y= fe dr 
a 


It is seen that the output y is the integral of the input 
b dx times a constant 1/a. Other differential equation 
solving mechanisms are speedometers and planimeters. 

Function generating mechanisms produce mechanical 
action which is proportional to an arbitrary input func- 
tion or functions. The mechanical action accepted and 
produced by these mechanisms is usually in the form of 
a rotation or a displacement. Some elementary devices of 
this nature are: 
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1. Gear differentials 

2. Two- and three-dimensional cams. 

3. Linkage computers. 

The gear differential is probably best known through 
the rear axle transmission in automobiles. It accepts twe 
rotational inputs and produces their algebraic sum. It is 
shown schematically in Fig. 4. 

The basic linkage computers are the slider crank 
mechanism and the four-bar linkage. A link is defined as 
the kinematic representation of a machine part. The 
kinematic link combined with other links constitutes a 
mechanism if the relative motion of any two compel 
definite motion of the other links. 

The slider crank mechanism, Fig. 5, is comprised of a 
crank, a connecting rod and a slider. It is the basic 
mechanism of all reciprocating engines. When used in 
this manner, the piston is considered the slider. When 
this mechanism is used for computing purposes it is 
known as a harmonic transformer, since harmonic motion 
applied to the crank is transformed into linear motion. 
According to the dimensions of its connecting rod and 
crank, the harmonic transformer establishes a mathe- 
matical relation between the angular position of the 
crank and the translatory position of the slider. 

The four-bar linkage, Fig. 6, consists of four links: 
the input link or crank, the output link, the coupler which 
provides the transmission between the input and output 
links, and the fourth link shown as the base or ground. 
The base or frame in this case is considered a link since 
it defines the distance between the center of rotation 
or pivot points of input and output links. The four-bar 
linkage of Fig. 6 can be used as a function generator. 
Due to the relationship between the links, including the 
ground link, the input and output links can be made to 
rotate according to the mathematical relation: 

output link displacement sin (input link rotation) 


sin (r) 
or, in general, 
y=f@ 
Degrees of Freedom. Kinematic links, which make 
up the four-bar mechanism, are connected together in 
various manners. Since the relative motion between the 


Output link 


Coupler —_ 


nput link X% 


Fig. 6—-The basic four-bar function generator. 
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Fig. 7—Six degrees of freedom of a body in space. 


links can be in many forms, for schematic representation 
of linkages it is essential that we define all the ways links 
can move against each other. 

A body in space or, more specifically, the aircraft 
shown in Fig. 7, can (a) translate along and (b) rotate 
about its three axes. It is therefore considered to have 
6 degrees of freedom. Any position of the body can be 
established by linear coordinates X, Y and Z and angles 
of rotation 6, 8 and «. If a body or link is prevented 
from having one or more of these 6 degrees of freedom, 
it is considered constrained. Since the links of the four- 
bar mechanism are located in a plane rather than 
3-dimensional space, the position of the links can be 
found by three coordinates of its center point as illus 
trated in Fig. 8. Each link has only three degrees of 
freedom; e.g., any position of the link can be described 
by 7,, x,, y,, or in terms of an angle and two rectangular 
coordinates. 

The four-bar linkage contains four links, of which one 
is fixed. It therefore has three movable links (that is, 
1—1). If the linkage were now not connected together 
at their pivot points, the total degree of freedom of the 
system of links would be three degrees of freedom for 
each link times (4—1) movable links. As we know, there 
are four joints in the four-bar linkage. Since this is a 
plane mechanism (i.e., the linkage can move only in one 
plane, illustrated in Fig. 8 as plane XY) the total degrees 


New position 


Center 


——— Original position 


Z 


Fig. 8—One link of a four-bar linkage showing three degrees 
of freedom. 





Fig. 9—Fixed linkage frame- of freedom of any joint is three. Each joint in the four- 
work, F = 0. bar linkage allows only one degree of freedom (rotation 
only at a joint). These joints between the links reduce 
the degrees of freedom of the system of links by four 
joints times (3 —1l) degrees of freedom. Therefore, the 


/ \ total degrees of freedom of the system of links, or 


mechanism, in this case of the four-bar linkage is: 
F=3(4-1)-4@3-1)=1 
Generally, the expression for degrees of freedom for any 
plane linkage is: 
F=3(n-1)-g9@8-/S) 
where 
F = total degrees of freedom of system of links 


Fig. 10—Differential or two-de- 
gree-of-freedom linkage, F = 2. n = number of links, one of which is the fixed link 


g = number of joints 
f = degrees of freedom of each joint 
If F = 0, the result is a fixed framework shown in Fig. 9. 


Links A,B Links A,B,C Link B tree . ° : 
free to rotate free to rotate to rotate about A When F = 1, as in the case of the four-bar linkage shown 


A A A in Fig. 6, the relative motion between the links has a 
5 unique and definite character. If one of the links is fixed 

(as the ground link) and another one moved, the motion 

8 of all other links is determined. If F = 2, as illustrated 

B Cc a in the five-bar linkage, Fig. 10, two inputs are needed 


to give unique motion to an output link. The gear 
differential is another case of a mechanism with F = : 
Diagrams of Linkage Mechanisms. The term 

4 “pairing” is used to describe the connection between 
je] ru } NN Translation links. The portion of each link involved is called an 
, element of a pair. Turning pairs, schematically illustrated 

in Fig. 11, allow only relative rotation between links; 
e.g., a journal or ball bearing. This joint therefore allows 
Fig. 12—Sliding pairs, only one degree of freedom. Sliding pairs are constrained 
so that relative translation, one degree of freedom, can 


Fig. 11—Principle of turning pairs. 


(a) 


Fig. 13—Spherical pair. 
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Fig. 15—Four-bar linkage in which both input and output 
(nput link | links rotate 360 deg. 


Output link | 


Output link 2 
Jammed position 


input link 2 
(b) 


Fig. 14—Two four-bar linkages in series. Fig. 16—Four-bar linkage susceptible to jamming. 
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take place between the elements. The schematic repre- 
sentations of these pairs are shown in Fig. 12. The frame 
may be considered fixed as in Fig. 12a, and can represent 
a cylinder of an internal combustion engine. In the case 
of Fig. 12b, the slider may be fixed and the frame may 
move. Two additional types of pairs are: spherical pairs, 
which are familiar as the ball and socket joint and 
have three degrees of freedom, Fig. 13; and screw 
pairs, which constrain the links to relative helical motion. 
When dealing with linkages it is convenient to omit all 
structural and other irrelevant information and concen- 
trate on the functional and dimensional aspects. For 
instance, the linkage illustrated in Fig. 14a shows two 
four-bar linkages in series and can be shown schemati- 
cally as in Fig. 14b. 

Before attempting to design a four-bar linkage, some 
practical considerations of the linkage must be appreci- 
ated. As input link 1 of the four-bar linkage illustrated in 
Fig. 14b rotates 360 deg, output link 1 oscillates. The 
linkage shown in Fig. 15 allows 360 deg rotation of both 
input and output links. When the dimensions of the links 
allow oscillations only from both input and output links, 
Fig. 16, the linkage has the capability of being jammed. 
Linkage jamming may be acceptable in some applications. 
In other instances, however, when it is required that 
one or the other of the links rotate 360 deg, careful in- 
vestigation should be made, either graphically or by a 
cardboard and thumbtack model, to find out if the links 
jam. 


The Geometric Method of Design 


One advantage of the geometric method of designing 
a four-bar function generator is that it allows the designer 
to observe the mechanism as he develops it. He can tell 
quickly if the linkage will be of a practical nature. 

In an example, Fig. 17, the output logarithmic curve 
of a temperature transducer in degrees vs the temperature 
range is shown. For control purposes, it is required that 
this logarithmic function of temperature be converted to 
a linear scale. To do this a four-bar linkage will be de- 
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Fig. 17—Temperature transducer output. 


OCTOBER 1959 


Coupler 
Qutput link 
Input link 


Fig. 18—General form of four-bar function generator. 


vised. Note that the function will be approximated by 
two corresponding rotations of the input and output 
links, yielding three precision points on the input and 
output scales shown in Fig. 18. In the figure, the follow- 
ing nomenclature will be used: 


® = measure of input link rotation 

Y = measure of output link rotation 

= precision points of input link 
precision points of output link 
starting value of z, y, ¢, ¥ 

= final value of zr, v, ¢, ¥ 

Ag = os — be 

Ay =r; —vVs 

=i —- 1 giz = o2 — 1 
y2 1 viz = v2 — 

Ag 


rg = input scale factor = _ 


Ti, To, T3 

M1, Ye, ¥3 

Te, Vas Da, Ws 
Ts, Yt, OF, Vs 
= Zs Ts 

me F7 Ys 


Ay 


ry = output scale factor = io 
Returning to the problem given, Fig. 17, 


6 = 90 logy () 


6 
307 logis () 

The general linkage that generates y = log x, using the 
nomenclature of Fig. 18, allows us to obtain ¢ on a 
linear scale. Changing our problem (Fig. 17) into the 
generalized nomenclature: 


= log (1) = 


sz, = 1 


= log (10) = 1 


Solution: The following assumptions are made: 


1. The total rotation or range of the input link = Ag = 55 deg 
2. Input link rotates counter clockwise 

3. The total rotation or range of the output link = Ay = 90 deg 
4. 


Output link rotates clockwise. 


Output link angle Ay was selected at 90 deg so that 
gearing would not be required between the transducer 
output 6 and the y axis of the linkage. The selection of 
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Fig. 19—-Construction of positions for R,, and R,.. Ad at 55 deg was completely arbitrary, as were the direc- 
tions of rotation. 

In Table I the x and y columns are taken from any 

logarithmic table. The ¢ and yw values corresponding 


to x and y are calculated as shown: 


A@ 55 deg degrees 


As y : unit of 4 


Ay 90 deg degrees 


Ay I unit of y 


5, for instance, 


0.699 
br Ti, 2, 
bv Vi, 2, 
or 1 
by 0.699 
ry l br 6.11 <X 4 24.40 
y ry by 90 X 0.699 62.9 deg 


Since the method of three-point approximation allows 
only two corresponding rotations of the input and output 
links, a judicious selection of the precision points is 
made. The precision points selected are x, = 1, x, = 5 
and x 10. The rotations of the input and output links 
from Table I are: 

ri) 24.4 deg Vie 62.9 deg 

o 55 deg v1 90 deg 


Figure 19 is now constructed in the following manner: 
5 5 


L. zoo is drawn as L unit. 
2. One-half angle @y is laid off to the right of 2) in the clock- 
wise direction from the line connecting zovVo. It is laid off 
a : : clockwise since it was assumed that the input link would 
Fig. 20--Rotation around R,,, and R... rotate counter-clockwise. 


3. One-half angle yy» is laid off to the right of yo in the counter- 
clockwise direction from the line connecting zovo. As in the 
previous case, this is done since the output link will rotate 
clockwise. 

1. Point Ry» is obtained from the intersection of these lines. 


Temperature 5. Ina similar manner, point /\; is obtained. 
transducer 


Generally, one half the angle of rotation of the input 
or output link is laid off in the opposite sense of rotation 
from the line connecting x, and y,, to the right of the 
link. Shapes R,., Cy., D,. contain lines a; and f£,, and 
R,.. C\,, D,. contain lines a, and £.. The first precision 
point x, of the linkage can be found by any intersection 
of the two lines a, and £, obtained by rotating the two 
shapes in any direction about R,, and R,,. The B line 
intersections will specify the position of precision point 
y,. Figure 20 shows the shapes rotated so a workable 


05094 93 02 9! o° approximation of the logarithmic linkage could be ob- 
iia 


Fic. 21—Feurber Mak | i tained. A transparent overlay of the shapes R,., Cy, 
‘ig. 2 ‘our-bar linkage to obtain linear scale f i , ’ : 
g é cale for ¢ in the D,. and R,,, Cy,, D;, can be made to ease the drafting 


relation 4— 90 logit). rae 2 
work. The shapes. of course, should be pinned to rotate 


around R,,. and R,,, respectively. Figure 21 shows the 
Table !— Data for Example of Four-Bar final linkage: its maximum error is approximately 3.8 
Linkage Design by Geometric Method per cent at 2 3 


= 


F y = teen () - The Analytical Method of Design 


0 000 000 The analytical method of designing four-bar linkages 
6 301 301 : . ) , 
12 477 477 has come into wide use due to the work of Prof. Freuden- 
m3 602 602 stein of Columbia University, who has developed the 
ae oo ae methods that will be described (]).* As in the previous 
47 / ° . . 
845 845 example, we shall use three-point approximation to 
42 903 903 : generate the function 4 log x, where x varies from 
48 954 954 a l to 10 
55 000 000 ee 


COANIDUM AWD = 


_ 


* Italic numerals in parentheses refer to Cited References at end of article 
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For this design technique use the nomenclature of 
Fig. 18, noting that the linkage passes through: 


gr, Yr at X11, ¥1 
o2, Wi at Le, Yo 
3, V3 at 23, ¥3 


=] 
_ W2W3 — WW, 


WiWe — WeWs5 
c = (14+ 8? + d? + 2bcos¢; — 2d cosy; — 2bd cos (¢; — Yi)}'” 
(where i = 1, 2 or 3) 


tk WeW3 — Wi, 
W3W§ — W4Ws 

In the above, 

@ = COS gd — COS do 

We = COS g — COS 3 

ws; = COS ¥1 — COS Yeo 

wo, = COS ¥ — COS 3 

ws = Cos (gi — ¥i) — cos (¢2 — 2) 

we = cos (¢1 — i) — cos (¢3 — Ys) 
Certain assumptions were made: 


1. The precision points are selected at « = 1, 3 and 10 where 
m=l=~rz, 
m= 3 
z; = 10 
2. Ad = 60 deg; Ay = 90 deg 
3. @d. = 45 deg = gi, Ws = —45 deg = 
4. Input link rotates (¢) clockwise 
5. Output link rotates (y) clockwise 
It should be noted that the analytical method requires 
the selection of the direction of the crank rotations as 
well as the starting values of the crank positions, whereas 
the geometric method just requires the selection of the 
direction of crank rotations. The corresponding crank 
rotations can be calculated as done previously. 
rg = 60 deg/9 = 6.67 deg per unit of z 
ry = 90/1 = 90 deg per unit of y 
oi = 45 deg 
yi —45 deg 
ge = lg X Are = 6.67 X 2 = 13.3 deg 
vig = ry X Ayiz = 90 X log (3) = 42.9 deg 
13 "oh X An; = 6.67 X 9 = 60 deg 
vis = ry X Avis = 90 X log (10) = 90 deg 
o2 = oO + de = 45 + 13.3 = 58.3 deg 
v2 =v te = —45 + 42.9 deg = —2.1 deg 
¢3 = di + 3 = 45 + 60 = 105 deg 
¥3 = hi + vs —45 deg + 90 deg = 45 deg 
The signs in these equations are positive since it was 
assumed that the cranks would rotate clockwise. Substi- 
tuting these values in the previous equations, we obtain: 
a= 1 
b = —0.7310 
c 2.6391 
d = —1.9319 


The linkage obtained is shown in Fig. 22; its maximum 
error is 6 per cent at x — 1.35. Negative values obtained 
for the linkage lengths a, b, c, or d are to be taken in 
the vectorial sense as illustrated in Fig. 23. 

Computer Techniques. It was noted in the previous 
design methods that a difference or error existed between 
the generated and desired motions. In a cam mechanism, 
errors can be reduced to fall within any limits by careful 
design and by enlarging the cams. In linkages, however, 
there is usually an error that is an inherent part of the 
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1.0 


Fig. 22—Four-bar function generator for y = log x designed 
using the analytical method. 


Fig. 23—Depicting a, b, c and d with negative values in the 
vectorial sense. 


design of the device. This error is called “structural 
error” (e) since it depends on the structure of the 
linkage and not on its size. The optimum design of a 
four-bar linkage minimizes structural error. If f(x) 
is the ideal function we wish to generate, g(x) is the 
function actually generated by the linkage. This statement 
expressed in a mathematical formula is: 


f(z) — 9g (2) = to be minimized = e 


It is evident that the structural error is proportional to 
the range Ad, Ay of the linkage and the number and 
position of precision points. Obviously, if the number 
of precision points is infinity, then: 


g (7) =f (@ 


or there is no error in the generated function. 

As was seen in the analytical method, the solution to 
function generation by four-bar linkage leads to solving 
simultaneous equations. Tables for the solution to the 
five-point approximation of the four-bar function gen- 
erator have been evolved (J, 2). These tables involve 
numerous simultaneous equations which lend themselves 
to solution by digital computers. 

The digital computer input consists of four corre- 
sponding rotations; e.g., $12, Wie, Pes, Wer, Piss Was These 
can be calculated by the methods shown in the last 
problem and a knowledge of: 


1. The ideal function f (7) to be generated and sr, and z; which 
are specified. 
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Input the error e can be minimized. Mathematical techniques 
a. Solution to which lend themselves to digital computer applications 
¢i2, Vi2...ba5, Vas linkage have been evolved to respace the precision points so 
iuastnnind that the proportions of a linkage that give minimum 
error can be calculated. 
The digital computer set-up used for the calculation 
Actual function just described is illustrated in Fig. 24. With the aid of 
oe ee the computer set-up (which can be obtained from Pro- 
fessor Freudenstein upon request) the optimum linkage 
proportions for any function to be generated can be 
idea! function calculated. (1) As a start for cataloging proportions for 
- "aa | function-generating four-bar linkages, Table II has been 
iii drawn up. This table relates the proportions obtained 
between ideo! by the analytical computation methods outlined in 
ee et Reference ] and by use of a digital computer. 
f(x) - g (x) An example of the use of Table II follows: 





An electronic analog computer requires a “black box” 

that multiplies two variable voltages / and m. (A sche- 

Respacing of precision matic diagram of a proposed device is shown in Fig. 25.) 
points oe The conversion of a voltage to a rotation can be accom- 


plished by means of a positioning servomechanism. (2) 





Fig. 24—Automatic computation of linkage proportions using 


As can be seen from Fig. 25, to produce this device 
a digital computer. 


it is necessary to design a squaring four-bar linkage. 
From Table II a linkage that satisfies the range require- 
ments x and y from 0 to 1 is selected. It is underlined 


in Table II. From the nomenclature of Fig. 18: 
2. The ranges of A¢ and Ay. These can be selected on the basis 


of approximately equal ranges of less than 120 deg for both ro A= oe deg per unit of z 
the input and output links. r 


With these inputs, the digital computer derives the and 

linkage proportions (a, b, c, d) and the starting angles =e) ~ eta 23 

(d, and Wy) which define a linkage. ¢, = —29.321 — 90 (0.034 — 0) 
By respacing the precision points originally assumed, ¢, = —32.381 deg 


Table I1—Data for Example of Four-Bar Linkage Design Using Analytical Methods 


Scale factors | | Link angles 
Function —| Precision point | - 
y Ss ry x vi 
logio x < 2 ) 1.0145 259 077 
logio X 1.0000 ~85 965 
—logi x ) 0166 100.013 
—logiy x | 0131 121 845 

sn x 90 7634 75 607 
90 6246 124 190 


60/tanh 1.2 227.310 





52.3779 40.423 

180 120.213 

90 97.204 
90 7 233.836 


60 —53.67 


90 44.493 


90 37 .638 
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Mechanical 
differential 


Voltage to 
rotation 124 22m+m2 
Squaring four = 

bar linkage 


m - volts Voltage to 
rotation 
geor 
reduction 


(£m) volts Rotation 


Similarly . ouiteie 
Ve= vi — ry (1 ai ys) 

vs = 233.836 — 90 [(0.034)? — 0] 

y- = 233.732 deg Fig. 25—Multiplier for analog computer applications uses 


Setting squaring four-bar linkage. 


a = lL in. 

6 = 2.5234 in. 
c 3.3296 in. 
d = 0.5559 in. 


The linkage is then laid out as shown in Fig. 26. 

When faced with the problem of function generation, 
the design engineer should carefully consider the ad- 
vantages and problems that can be encountered in using 
each type of function generators, electrical and me- 
chanical, and including the four-bar linkage principle. 

O00 


Fig. 26—Detail of four-bar linkage for squaring in Fig. 25. 
Link proportions Maximum error, 
| per cent of 
c/a d/a output travel 


0.8456 3.4855 | 0.0062 
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Packaged Electronic Circuits 
Involving e ¢ © Printed Capacitors and Resistors 


¢ Capacitor Supplements 


¢ Adjustable Resistors 


¢ Active Component Packages 


A. S. KHOURI, Chief Products Engineer 
Packaged Electronic Circuits 

CentTracas, A Division or Guiope-Union, Inc. 
Milwaukee, Wis. 


PackKaGep ELecrronic Circurrs® based on printed re- 
sistors and capacitors are being used in electronic equip- 
ments to interconnect active components such as electron 
tubes and semiconductor devices, or they can be fabri- 
cated and encapsulated with subminiature tubes or semi- 
conductors to make completely self-contained circuit 
stages. 


The basic structure is built around a printed-circuit 


Fig. 1—Two examples of Cou- 
plates® used in TV chassis assem- 
blies, showing variety of applica- 
tion size and circuit combinations. 
Left: TV tuner network for 100 
me operation. Max size, 0.78 x 0.39 
x 0.14 in. Right: Horizontal oscil- 
lator network. Employs “Com- 
posite” low-k section in plate for 
circuit’ isolation and close-toler- 
ance capacitance. Has tab termi- 
nals for assembly with printed 
wire board. Max size, 1.55 x 0.97 x 
0.172 in. 


22ypf + 20% 


man 


ceramic plate and supplemental components together with 
specially designed and positioned terminal hardware for 
attachment to other circuit elements. Most designs are 
encapsulated in phenolic or epoxy resin, or other types 
of coating, to provide environmental protection and to 
complete the form of the package. 

Design Parameters. To provide the basic resistor 
and capacitor components, resistor ink patterns and silver 
capacitor electrodes are deposited on ceramic dielectric 
plates by the screen printing technique. Large capacitance 
is developed between parallel silver patterns, and the as- 
sociated smaller capacitor values are formed as edge 
capacitors between adjacent patterns. Circuit connections 
between printed capacitors and printed resistors are ob- 


Composite k plate 


Kk - Hi oT 
Edge | 


connection MW 
™ 330k 


18 OOO 
pef t 30% 


Ce 


8.2k 








All capacitors + |O% 
except as shown 


All resistors + |O% 
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1Omeg -~,; 


All resistors +!1O% 


All capacitors + 20% 





Fig. 2—Two examples of Packaged Electronic Cireuits® using 
different types of capacitor “supplements”. Left: Base com- 
pensation filter using two Mylar supplementary capacitors in 
values from 0.02 to 0.25 uf and 50 to 500 volts d-e. Max size, 
boo x Mig x 16 in. Right: Package used in miniature com- 
munications equipment. Four thin sheet capaciiors used in 
techniques of layering and weaving (see drawing). Develops 
0.140 “f per sq in. at 100 volts dee. Max size, 0.560 x 0.410 x 
0.220 in. 


tained by geometric extension and overlapping of 
patterns. 

With proper juxtaposition of the capacitor and resistor 
areas, these circuit plates can be designed with high com- 
ponent density without running into problems of un- 
wanted or stray coupling capacity. Shielding patterns or 
composite plate construction (Fig. 1, right) can also be 
used. As an example, by using a 0.025-in. ceramic di- 
electric substrate with a dielectric constant of 5500, high 
component density can be obtained by allowing 0.03 sq 
in./1L000 pef for capacitance and 0.07 sq in. for one 
standard-size resistor and its spacing. 

Economical manufacture is achieved by simple, funda- 
mental principles. Resistors and capacitors must be 
screened in separate operations. Level of capacity value 
is determined by choice of plate dielectric constant. The 
ratio of capacity values that can be achieved in one 
screening operation is 1000 to 1, with the highest value 
approximately 0.03 yf. A 10-to-1 range of resistor values 
can be screened in one operation. Different ranges are 
obtained by using different inks. Within these ranges in- 
dividual component values for both capacitors and_re- 
sistors are designed in calculated geometric patterns. 

All components are manufactured within tolerances 
required by a large majority of present circuit applica- 
tions. Manufacturing operations are made to nominal 
values and provide a homogeneous grouping within the 
natural tolerance of the process. Closer tolerances can be 
provided by automatic adjustment when needed, 
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C3,C4 \, 


C4 
0.02 pft35% 
C2 
2200 pyf 
+25% 


| 


Couplates® are a type of packaged circuit using a 
in-line 








thin, space-saving rectangular substrate and 
terminals emerging from one side. They have gained wide 
acceptance by manufacturers of radio and TV receivers. 
Because of this acceptance and the fact that a number of 
suppliers now make ceramic-based printed circuits, Com- 
mittee 33C for Ceramic-Based Printed Circuits (Elec- 
tronic Industries Association) has began a standardiza- 


tion program on plate sizes, circuits, lead sequence, and 


other parameters. Two examples of this type of packaged 
circuit are illustrated in Fig. 1. 

Where higher capacity values are called for than can 
be obtained by printing techniques, specially designed 
capacitor “supplements” are provided, using various di- 
electric materials. Two examples are illustrated in Fig. 2. 

Adjustable Components. Where rating tolerances 
of printed components are wider than those called for in 
many circuit applications, one answer is to adjust one or 
more of the sensitive components while in operation. Flat 
printed-circuit bases are adaptable to the inclusion of 
adjustable components for this purpose. This procedure 
also enables circuit constants to be adjusted to the in- 
dividual variations occuring in the active components. 

Two examples of packaged resistor circuits, including 
one or more adjustable resistors, are illustrated in Fig. 
3. The adjustment is provided by a small metal rotor 
staked to the base plate by an eyelet. 

Packages with Active Components. Transistors, 
diodes, subminiature electron tubes and supplemental 
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RAR Gs 


Fig. 3—Examples of adjustable-resistor packages. Left: Triple 
trimmer package used in 3-stage transistor amplifier. Max size, 
0.700 x 0.470 x 0.080 in. Right: Dual trimmer package used in 
automobile radio control assembly. Uses stub terminals for 
assembly with printed wire boards. Max size, 1.25 x 0.78 x 
0.17 in. 


Fig. 4—Four-stage miniature transistor amplifier package illustrating active component package design, shielding and _ potting. 


Size, 0.531 in. diam x 0.228 in. thick. 
REESE WS a BE ee 


capacitors can be assembled with printed components to 
form complex, high-gain circuits. Maximum package 
miniaturization can be achieved by using thin steatite or 
high-alumina ceramic bases. These thin base plates have 
low dielectric constants and high mechanical strength. 

A number of the design techniques described are in- 
corporated into the very miniature 4-stage packaged 
transistor amplifier shown in Fig. 4. This package in- 
cludes & resistors and associated circuitry printed on a 
steatite wafer disk 1% in. diam and 0.020 in. thick. The 
four transistors and a capacitor wafer composed of four 
Ultra Kap® wedges arranged together are attached in 
holes on the periphery of the disk. 

During the final test, the amplifier is optimized as to 
gain and to performance specifications by abrading the 
base-to-collector resistor in the final transistor stage. 
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Adjustment is made while output is observed on an oscil- 
loscope. 

Performance specifications for this amplifier package 
are: B supply, 1.34 volts, d-c; current drain, 2.1 ma: 
gain, 73 db at 1 ke: undistorted power output across 
1000-ohm load, 0.4 mw. 

After performance testing and adjustment, the ampli- 
fier is shielded with a metal shell. Similar package con- 
struction incorporating transistors or diodes for com- 
puter logic circuits and the like can be made in this 


manner. OOo © 
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SILVER and SILVER ALLOYS 


Properties and Design Applications 


A review of the physical and electrical 
properties of silver and silver alloys in 
the design of electrical and electronic 
equipment. Electrical conductivity, cor- 
rosion resistance, fabricability and reli- 
ability are explained and supported by 


charts, tables and applications. 


CHESTER H. CHATFIELD 
Senior Metallurgist 

Hanpy & HARMAN 
Bridgeport, Connecticut 


Table 1— Properties of Fine Silver 


Melting point 960.5 C (1761 F) 
Boiling point 2210 C (4010 F) 


Density 10.49 gm/cu cm 
0.379 Ib/cu in. 


Electrical conductivity... 105.2 per cent IACS* 


Electrical resistivity... . so microhms/cm (at 
20C 


Specific heat a: cal/gm/deg C at 
20 


Thermal conductivity. . . 1.0 cal/sec/sq cm/cm/ 
deg C 

Thermal expansion 1.97 X 1075 in./deg C 
at 0 to 100 C 

Young’s modulus 10.3 X 10° psi 

Crystal structure face-centered cubic 

Lattice parameter 4.0778 A 

Tensile strength 

annealed 25,000 psi 


hard (50 per cent 
reduction) 45 ,000 psi 


*Conductivity varies from about 100 per cent up to 108 per cent, 
dependent on purity and temper. Cold work lowers conductivity 
of silver. 
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THE UNIQUE PHYSICAL PROPERTIES of silver in the conduc- 
tion of an electric current, its corrosion resistance, its easy 
fabricating and joining characteristics make it a highly 
useful material of design in electrical components and 
systems. The importance of silver and its alloys should 
not be overlooked because of the relatively small quant- 
ities used in the overall design of a unit or system. 


Properties 


Pure silver has the highest electrical and thermal con- 
ductivity and the highest optical reflectivity of all metals 
while possessing the lowest contact resistance. It is re- 
sistant to attack by many corrosive chemicals and will 
not form stable oxide films on its surface at any tem- 
perature. The latter property is important in design speci- 
fications for low contact resistance. Other metals (such 
as copper and aluminum) which have high electrical con- 
ductivity do form surface oxide films that tend to in- 
crease their contact resistance greatly with time. While 
silver is readily tarnished by sulfur and sulfur-bearing 
compounds which are normally present in the atmos- 
phere, the film formed is more conductive than similar 
films formed on other metals. The abrasion or natural 
wear resulting during the ¢ontact’s operational use is 
usually sufficient to keep the working surfaces clean. 

Although silver does not oxidize, oxygen does diffuse 
through the metal readily at elevated temperatures. Where 
silver is bonded to a base metal, the bond between the 
two metals may be attacked and destroyed. If silver con- 
taining oxygen is not deoxidized prior to being annealed 
in a hydrogen environment, blisters may form and the 
silver will become embrittled. 

Silver is a soft metal, which is a disadvantage where 
wear or erosion is a factor. In drawing and stamping it 
requires more and lighter reductions than brass or cop- 
per. However, silver work-hardens less, so that more 
draws can be given between anneals. When silver is to 
be machined it should be in the work-hardened condition. 
Many alloys of silver (as will be shown under the section 
on alloys) have been developed with improved properties 
for particular uses. In general, any addition to silver 
which forms solid solutions results in decreased electrical 
conductivity. Copper additions affect conductivity least, 
accounting for the wide use of silver-copper alloys. Metals 
which do not alloy or have only a slight solubility in 
silver are added to silver by powder-metallurgy tech- 
niques. 

Table I lists some of the properties of fine silver. Table 
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opper, per cent 


Strength vs composition for silver-copper alloys. 











Fig. 2 


sium-nickel strip conta 2 per cent nickel vs its mag- 


nesium content, 


This article represents practical application 
of principles discussed in the previously 
published Basic Science & Engineering article . . . 


Key to Metals—May 1959 issue. 


Available in reprint form—see page 230. 


Il is a comparative analysis of properties of other metals 
and silver alloys to fine silver. 

Silver-Copper. Copper is the most effective of the 
hase metals commonly alloyed with silver. The principal 
effects are shown in increased hardness and wear re- 
sistance. Copper has the least effect on the electrical and 
thermal conductivities of silver. The addition of as much 
as 30 per cent copper reduces these properties only about 
20 per cent from the values of silver when the alloys are 
in the annealed condition. 

The resistance of silver-copper alloys to sulfur tarnish 
decreases with increasing amounts of copper. As a con- 
sequence, silver-copper electrical contacts have a greater 
contact resistance than silver. Therefore, they are used 
when good resistance to wear under high contact pressure 
is needed. Some wiping action between the contacts is 
desirable to maintain minimum contact resistance, 

The silver-copper alloys which are used most are those 
containing 7.5 per cent copper (sterling silver), 10. per 
cent copper (coin silver), 20 per cent copper, and 28 
per cent copper. The strength of these alloys increases 
with the copper content, as shown in Fig. 1 and in 
Table II]. The 72 per cent silver—28 per cent copper 
alloy has the best combination of strength, hardness and 
electrical properties of any of the silver alloys. It is 
frequently used, therefore. where a spring contact is re- 
quired. However, as most of the silver alloys are not 
heat-treatable. the degree of resilience is dependent to 
a large extent on the amount of cold working the alloy 
has received, 

Small percentages of nickel, 0.5 per cent to 3.0. per 
cent, are added to silver-copper alloys at times. Nickel 
improves wear resistance and also tends to reduce the 
transfer of metal from one contact to another. 

Silver-Cadmium. Silver-cadmium alloys have been 
used extensively for electrical contacts, with cadmium 
contents ranging from 10 to 25 per cent. Cadmium does 
not greatly increase the hardness of silver, but does give 
some increase in resistance to sulfide tarnishing. The 
advantages of silver-cadmium alloys are their decreased 
tendency to stick or weld. more uniform wear, and a de- 
creased tendency for metal transfer. Small percentages 
of nickel are added to silver-cadmium alloys primarily to 
prevent excessive grain growth, 

These properties are probably the result of the forma- 
tion of cadmium oxide on the surface. For this reason a 
silver—1l10 per cent cadmium oxide mixture has been 
widely used. The addition of the cadmium oxide in place 
of cadmium increases the electrical conductivity from 
about 45 per cent of that of copper to about 80 per cent. 
The desirable non-welding properties of the material, how- 
ever. introduce a problem in joining it to base-metal 
contact arms. In the case of flat contacts, this has been 
overcome by supplying the silver-cadmium oxide with a 
fine-silver backing which can be readily brazed. 

Silver-Gold and Silver-Palladium. Gold or pal- 
ladium are added to silver for use as electrical contacts 
chiefly because of their tendency to reduce welding and. 
to some extent, to increase hardness. They also tend to 
reduce tarnish, although to get complete immunity to 
sulfides, at least 50 per cent gold or 60 per cent palladium 
must be added. Palladium has the advantage of lower 
cost and greater hardness over the comparable gold 
cost and greater hardness over comparable gold alloys. 

Silver-Magnesium-Nickel. These alloys have been 
developed in recent years. They have unique combina- 
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Table i1— Properties of Various Metals and Silver Alloys 


Thermal con- 
ductivity, 
cgs units 


Specific Electrical 
resistance, conductivity, 
microhm/cm | percent IACS 


Solidus, 
deg F 


1980 


Liquidus, 
deg F 


Specific 
gravity 





Copper 8.9 1980 7 100 94 


Aluminum 2.7 1220 1220 2.7 63 .53 


Silver 10.5 1760 1760 . .00 


Gold 19.3 1945 1945 2. 71 


Palladium 11.9 2825 2825 ; 17 


Platinum 21.3 3215 3215 ’ 87 


7.5 per cent copper-silver 10.3 1435 1640 .83 


10.0 per cent copper-silver 10.3 1435 


28.0 per cent copper-silver — 1435 
10 per cent cadmium-silver 1670 
10 per cent cadmium oxide-silver _ 
5 per cent palladium-silver 

10 per cent palladium-silver 

60 per cent palladium-silver 

10 per cent gold-silver 

70 per cont gold-silver 


30 per cent nickel-silver 


5 per cent graphite-silver 


Table ll!— Physical Properties of 0.091-In. Silver-Copper Alloy Wire vs Per Cent 
Reduction by Drawing 


Reduction, 
per cent 


Annealed 


Tensile 
strength, 
psi 


32,200 


Elongation, 
per cent in 
2 in. 


43 


Hardness, * 
Rockwell 
30T 


Electrical 
conductivity, 


97.0 


35,700 26 9 96.3 
41,300 17 95.3 
47,200 32 94.0 
50 ;400 41 92.9 
54,000 42 92.5 
59,200 45 91.0 


9.8 
20.3 
36.1 
49.7 
60.0 
75.4 


1.5 per cent Cu 


Annealed 


13 87.9 
34 87.3 
41 86.8 
47 
51 
53 
57 
47 
48 
52 
54 
56 
56 
61 


39,100 
44,500 
50,800 
56 ,600 
62,700 
66 ,500 
72,000 


92.5 per cent Ag 
7.5 per cent Cu 
(sterling) 





[naaanaweec rhe 





53, 200 
58 ,300 
64, 800 
69,500 
74,000 
80 ,800 - 
85 ,800 


72.0 per cent Ag 
28.0 per cent Cu 
(eutectic) 





Prunaunn dS 


ai 











*These hardness values were made on longitudinal sections made by filing flat faces parallel with the axis of the wire. Hardness values 
obtained from tests made on cylindrical wire surfaces may be erroneous. Hardness values on sheet and strip baving the same per cent 
reductions are approximately the same as those obtained on flat faces filed on wire. 
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Table {V—Properties of Oxidation-Hardened Type A and Type B Ag-Mg-Ni Alloys at 


Elevated Temperatures 


Ultimate strength, 
short time test, 
Temperature, psi 
deg F Type A 


500 45 ,000 to 50,000 


750 — 
800 35,000 to 45,000 
1000 —_ 

1200 12,000 to 20,000 
1400 10,000 to 14,000 


1500 —_ 


Note: 


have very similar stress-to-rupture 


be stress-to-rupture and not creep strength. 


These are approximate values taken from a single set of 


2 hr 


Type B 
31,000 
19,000 


1000 





tests; they 


Stress to cause rupture, psi 


106 hr 


Type A Type B 





indicate that the 
values. During the stress-to-rupture tests, furthermore, it was 


types were exceptionally low (in relation to the stresses involved). Thus, it would seem that the limiting 


22,000 26 ,000 


14,000 12,000 


800 





two types of silver-magnesium-nickel 
observed that the creep rates on both 
factor in design would likely 


Table V—Properties of Oxidation-Hardened Type A and Type B Ag-Mg-Ni Alloys at 


Room Temperature 


Properties 


Type A 


Type B 





Hardness (Rockwell 30 T) 
Ultimate strength (psi) 

0.2 per cent yield strength (psi) 
Elastic limit (psi) 

Elongation (per cent in 2 in.) 
Modulus of elasticity 


Electrical conductivity (per cent IACS) 


Note: 
content (see Fig. 2). 


The effect of temperature on electrical conductivity of oxidation-hardened alloy (Type A) is shown in Fig. 3. 


are published values for copper-base alloys. 


Except for the modulus of elasticity and the electrical conductivity, the 


63 to 68 
65,000 to 70,000 
53,000 to 58,000 
43 ,000 to 48,000 

5 to 15 

11 X 10° 

75 


properties are 


58 to 63 
60 ,000 to 65,000 
45,500 to 50,500 
37 ,500 to 42,500 
13 to 21 
11 X 10 
75 


linearly proportional to the magnesium 


Included for comparison 


Table Vi—Typical Silver Coatings for Direct Soldering to Glass, Quartz and 


Semiconductor Bodies 


Silver 
(per cent) 


Silpaint 
No.* 


461 65 

65 

Brush 65 
Stencil 65 
Brush 65 
Spray 50 
Stencil 35 


‘Handy & Harman designations. 





Thinners 
Solvesso 150 ek 
Solvesso 150 
Ethy] cellosolve 
Xylol, turpentine 
Xylol, turpentine 
Solvesso 150, ethyl cellosolve 


Ethylene glycol, ethyl alco- 
hol, distilled water 


Recommended use 
and characteristics 


Glass 

Glass and metals 

Smooth coating—good adherence 
1140 F fire temperature 

1140 F fire temperature 

1140 F fire temperature 
Water-base paint. Fire at 800 F 
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tions of properties for electrical applications. Their out- 
standing characteristic is that they may be irreversibly 
hardened by an internal oxidation treatment which in- 
volves simply heating in an oxidizing atmosphere. 

Before hardening, the alloy is soft, like fine silver or 
copper, and is readily workable by standard procedures 
to any desired form. After hardening, the room-tempera- 
jure tensile properties are similar to those of cold-rolled 
sterling or coin silver. However, at elevated temperatures, 
where the silver-copper alloys would anneal and soften, 
the oxidation-hardened silver-magnesium-nickel alloy re- 
tains a relatively high proportion of its strength. 

Two grades of silver-magnesium alloys are available— 
Types A and B. The alloys contain 0.1 to 0.3 per cent 
magnesium, 0.2 per cent nickel and the balance silver. 
Type B is not as hard and is a little more ductile than 
Type A. The properties of these alloys are given in 
Tables IV and V. 

The silver-magnesium-nickel alloys are used where 
electrical contacts are to be attached by brazing without 
loss of hardness, in spring clips for miniature electron 
tubes where high thermal conductivity is essential, and 
for instrument and relay springs requiring high electrical 
conductivity at elevated ambient temperatures. As hard- 
ened, the alloys may fracture when continuously loaded 
at high stress, particularly at elevated temperature. Cold 
rolling after hardening eliminates this condition, but the 
hardened and rolled alloys have only limited formability. 


Powdered-Metal Alloys. For particularly heavy 
duty, where there is severe wear or erosion, welding or 
other adverse conditions, it is desirable to combine the 
good electrical conductivity of silver with the mechanical 
properties of a number of metals that will alloy readily 
with silver. Nickel, tungsten and iron are examples of 
such metals. Also, combinations of silver and graphite 
are useful in various types of sliding contacts where good 
frictional properties are required along with high con- 
ductivity and non-welding properties. 

Various mixtures of these types can be made by 
powder-metal procedures. Many of the higher silver-con- 
tent mixtures can be pressed, sintered and then rolled 
into sheet and wire which is ductile and suitable for 
forming into contacts by heading or stamping operations. 
Powder mixtures may also be pressed directly into the 
desired shapes on tablet machines and then sintered to 
give them the required strength. In still another process, 
the more refractory material is made into a porous com- 
pact and then heated in contact with molten silver, which 
is drawn into the porous compact by capillary action. 


Silver Conductive Coatings 


Since radio-frequency currents travel predominantly 
on the surface of a conductor, a silver-plated surface can, 
in many applications, give as reliable a performance as 
a solid-silver conductor. R-F circuit elements such as 
waveguides, slide wires, attenuators and variable in- 
ductances may be made of copper, brass, aluminum or 
steel plated with electrodeposited silver. Silver paints are 
used for coating various non-metallic dielectric materials 
such as mica, ceramics, glass, quartz, plastics and paper. 

Silver paints are used for making printed circuits, re- 
sistor and capacitor terminals; they serve an important 
function in miniaturizing electrical instruments and 
equipment. These paints fall into two general classes: (a) 
fire-on types for base materials that can withstand heat- 
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Copper 
Ag-Mg-Ni 
(Type A) 


+ 


Beryllium copper 10 


Electrical conductivity, IACS, percent 


Beryllium copper 25 


—_—_}+———______+___ —+ 


+ + - 
ee _Phosphor bronze A 


100 200 300 400 500 600 
Temperoture, deg F 


Fig. 3—Effect of temperature on electrical conductivity of 
various silver alloys. 


ing to temperatures ranging from 750 to 1700 F and (b) 
air-dry types for organic base materials that are dried 
at temperatures ranging from room temperature to about 
800 F. 

In the fire-on type of coating, the bonding agent is 
a powdered glass frit with a composition and melting 
point specifically selected for designated base materials. 
The glass frit used determines the adherence, electrical 
properties, solderability, plateability and the temperature 
required for firing. The silver pigment and glass powder 
are dispersed in an organic vehicle. The viscosity and 
drying rate are adjusted for the designated method of 
application such as spraying, dipping, brushing, roller 
coating or screen stencilling. Typical coatings illustrat- 
ing properties and characteristics are shown in Table VI. 
Ceramic and glass materials coated with silver can be 
soldered to lead-in wires and/or to metal containers 
where a hermetic insulating seal is required. 

Air-dry types of silver paints use organic resins as 
the bonding agent and may be either thermoplastic or 
thermosetting. As with the fire-on paints, the viscosity 
and drying rate varies, depending on the method of ap- 
plication. Some may be dried in air at room temperature 
or force-dried at higher temperatures. Thermosetting 
types require baking at temperatures of 300 to 400 F 
—higher for the silicone vehicles. These paints are used 
to make conductive patterns, electrostatic shielding coats, 
or plateable surfaces on such nonconductive materials as 


(Continued on page 198) 
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Logic-Circuit Modules 
for Industrial Control Systems 


The increasingly wide use of logic control systems in industrial operations 


creates the need for great versatility in the equipment designed for such sys- 


tems. In this system, basic circuit modules, such as flip-flops, are combined 


into building blocks which in turn are combined to make the system—in this 


example, a numerical controller for coordinate positioning of machine-tool mo- 


tions. Standardization of logic components and circuitry is thus achievable on 


wo levels. 


WOODROW FLOYD 
Industrial Systems Division 
Hucues Aircrart COMPANY 
Los Angeles, California 


INDUSTRIAL SYSTEMS to perform and control operations 
are continually increasing, both in number and in com- 
plexity. Even more widespread use of automatic control 
systems is indicated for the future. In the field of ma- 
chine tool control alone, the number of different sys- 
tems required is evident from a consideration of the va- 
riety of machining operations performed on even the 
simplest of parts. Investigation of other manufacturing 
processes reveals a similar need for variety. 

In satisfying this versatility requirement, it is import- 
ant to keep in mind the flexibility that can be obtained 
through the use of a “module” and “building block” ap- 
proach to system design. In the system described here, 
the design was based on the premise that a number of 
circuits can be built as basic modules. These modules 
are then combined in different ways to form blocks from 
which the complete system is eventually made. The cir- 
cuit modules must be versatile, compatible with each 
other, and easily adapted to new requirements as they 
arise. 


472 


System Design. An example of the application of 
control modules is that of the logic circuits for a tape- 
controlled, three-axis machine tool whose controls are 
illustrated in Fig. 1. Figure 2 is a block diagram of 
this particular system. The operation of the system will 
be described first, followed by a discussion of the design 
of the basic circuit modules and then of the blocks which 
they form. 

The routing circuits take the information read from 
the tape and route it to the proper control circuit for 
use. Dimension information is sent through the binary- 
decimal to binary converter to the desired position re- 
gister: feed rate and other auxiliary information such 
as spindle speed, tool selection, coolant flow, etc. are 
routed to the proper circuit. The desired position register 
stores the new three-axis location information which is 
read from. the tape and the present position register 
monitors and stores information on the actual position 
of the machine in all three axes. When a block of 
information has been read, the timing and control block 
initiates the auxiliary operations to be performed be- 
fore axis motion is started. Automatic signals from the 
machine indicate to the controls when these functions 
have been performed. The first subtraction block then 
subtracts the present position from the desired position 
and feeds the difference or error to the drive system. 
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Fig. 1 (left)—Tape reader Tape Auniliory 
and control panels for snsiiad uniiiones 


Hughes three-axis machine- 
Information 
Timing and control 
routing 


tool control. 
To all blocks 


Binary - decimal to 
binary converter 


Desired position register 


Anticipation Subtraction 
generator No. 2 


Subtraction 
No. | 


Present position register 


Feed rate Drive 
control system 


Fig. 2 (right)—Block dia- 
gram of machine-tool control Position detector circuits CT “ 
Machine 


\ 
system using building-block x oe Y 
CS een S 


design. 


When the result of a subtraction for any axis is zero, 
the drive system for that axis stops and the machine is 
clamped. 

In order to stop the machine accurately with the type 
of on-off control used here, it is necessary that the ma- 
chine be moving at a slow or “creep” rate when the 
final position is reached. The error signal is thus fed 
to the drive through either a Move control or a Creep 
control. An anticipation generator produces a signal cor- 
responding to the position at which the machine must 
be switched to Creep. When the error signal from the 
first subtraction unit is equal to the anticipation signal, 
as determined in the second subtraction unit, the con- 
trol of the drive is switched from Move to Creep and 
the desired slow approach is achieved. 

Some of the functional blocks used in this system are, 


This article represents practical application 
of principles diseussed in the previously 
published Basic Science & Engineering article ... 


Port of T2 


Digital Methods—September 1959 issue 
-O7v -O7v 


Available in reprint form—see page 230. 
ainiioaamcia initial aie Fig. 3—Schematic diagram of basic flip-flop circuit module. 


OCTOBER 1959 173 





of necessity, of special design applicable only to ma- 
chine tool controls. Others, however, are generally applic- 
able to other systems. 

Flip-flop Module. One of the more widely used ba- 
sic circuit modules in the system is the flip-flop used 
as a binary counter. The design of this unit represents a 
new concept in bistable element operation. The on and 
off states of the circuit are not the conventional static 
voltage levels but are determined by a dynamic or a-c 
voltage waveform. The unit is transistorized for reli- 
ability and has high power-output capabilities. (It can 
drive a maximum of 150 gate modules as compared to 
25 or 30 normally driven by flip-flops.) It also has an 
extremely low output impedance (a fraction of an ohm) 
which practically eliminates stray capacity problems in 
gating networks. This low output impedance also elimin- 
ates the need for special amplifiers to send signals from 
unit to unit. 

The schematic diagram of the flip-flop is shown in 
Fig. 3. Signal inputs to the circuit are at J and K. Two 
timing pulses are used: FTCP (full-time clock pulse) 
and HTCP (half-time clock pulse), the latter occurring 
halfway between the former as shown in Fig. 4. Outputs 
from the unit are at Q and Q. To describe the operation 
of the flip-flop it is necessary to define some terms: the 
“voltage state” of the flip-flop is the output voltage level 
at any time without reference to timing pulses (indicated 
by the two wave forms marked Q in Fig. 4); the volt- 
age state at the time of each of the full-time pulses de- 


| Fig. 4 
rrp of 
——— 2 


r 


Definition of signals in flip-flop. 


HTCP 


Q for | Fig. 5 (below)—Typical input 


"7 and output signal waveforms 
for flip-flop circuit. 
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-V 
AND gate OR gate 
Fig. 6—Basic aNp and or gate module circuits. 
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termines the “logical or information state” of the flip- 
flop (as indicated by the arrow in Fig. 4). The HTCP 
always causes the flip-flop to change its voltage state. 
The FTCP triggers the flip-flop only if there is no input 
at either J or K. The operation of the flip-flop with 
varying inputs is shown in Fig. 5. 

The high output current and low output impedance of 
this flip-flop are achieved by the use of transformer cou- 
pling, both in the output and between stages. Trans- 
former coupling is, of course, possible only because the 
signals in the flip-flop are dynamic rather than static. 
The transformer ratio of 6:1 in the output provides a 
signal six times that obtained from the conventional 
emitter-follower amplifier used in static flip-flops. 

Transformer coupling and dynamic signals also mean 
that the flip-flop switching stage (2N167 transistors) 
does not have to be designed for d-c stability. This, in 
turn, means that less power is required to trigger the 
flip-flop and no power in the switching stage is lost in 
clamping circuits to control collector-voltage swings, the 
latter being controlled instead by the power-supply volt- 
ages. A large collector-voltage swing is allowable because 
of the step-down transformer coupling the switching 
stage to the output amplifier. 

Gate Modules. The gating networks for a complex 
control system contain many combinations of AND and 
oR logic elements (Fig. 6) and the elements required 
may be of many different kinds. Gates may be required 
to handle 2, 3, 4 or more inputs and to have either an 
AND or an OR function. To construct gating networks 
specifically to implement a particular system, therefore, 
requires a complete system design in advance and does 
not allow for changes when the system is used and test- 
ed. The use of modules in such cases is extremely ad- 
vantageous. 

The gate modules designed for this system may con- 
tain various combinations of AND and or gates (for 
instance, one module may contain two 3-input OR gates, 
two 4-input OR gates, two 5-input AND gates and one 6- 
input AND gate). By careful selection of the gate com- 
binations, it is possible to obtain two or three modules 
which will satisfy the majority of gating requirements 
for any system. The special cases that may arise in any 
system (perhaps a 20-input AND) can be built as a special 
module for that system. 

Plug-in gate modules can be standard items to be ap- 
plied to any system. Changes from one system to an- 
other can be achieved by changing the wiring to the 
plug. Gate modules also lend themselves to changes in 
logic, as new network structures can be obtained by 
changing only plug wiring and not the module itself. 

Memory Elements. The capacity of the memory 
element required in an industrial control system may 
vary from less than 100 bits to more than a million. 
The memory module designed for this system is a mag- 
netostrictive delay line with a capacity of 60 bits. It 
consists of a hollow nickel wire several feet long (OD 
of 0.010 in. and ID of 0.006 in.) inserted in a nylon 
tube and coiled to a diameter of approximately 4 in. 
Small coils are wound near each end of the nickel tube. 
One of these is a Write coil and the other is a Read 
coil. An electric pulse applied to the Write coil causes a 
mechanical vibration in the nickel due to magnetostrictive 
action. The vibration is transmitted down the line with a 
velocity of approximately 0.2 in. per microsec. When this 
vibration passes through the Read coil, a voltage pulse 
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Fig. 7—Some typical basic circuit modules. 


is generated. The nickel tube is damped at each end to 
prevent reflected vibrations. 

Since a number of pulses can be traveling down the 
nickel tube at the same time, it serves as a storage ele- 
ment. To retain information, the pulses leaving the 
line through the Read coil are retimed with clock pulses 
and “written” back into the front of the delay line. The 
complete delay-line module consists of the nickel tube, 
its mounting, etc., and Read and Write amplifiers which 
shape and time the signals for proper connection to 
external circuits. 

Transmission velocity of the mechanical vibration in 
the nickel tube varies with temperature. This limits the 
delay time (and, therefore, the storage capacity) unless 
the line temperature is controlled. The delay time of a 
100-microsec line will change 3 microsec for each 100- 
deg F change in temperature. However, for a clock 
pulse frequency of 160 ke, the 3-microsec change is al- 
lowable, so a line with a capacity of 60 bits is operable 
over a 100-deg temperature range. The main advantages 
of the delay-line memory over other storage media 
(when small capacity is sufficient) are lower cost than 
magnetic cores or drums and better reliability than 
magnetic drums, since there are no mechanical parts 
to wear. 

Other Modules. Other modules are required in the 
system but will not be described in detail here. They 
include: 

(1) Relay driver—to convert flip-flop and gate signals 
to d-c for energizing relays. 

(2) Pulse generator—to develop FTCP and HTCP 
from a timing oscillator. 

(3) Gate amplifier—to amplify a signal which is 
required in many gates. This permits a reduction in the 
number of diodes required. 

Some typical circuit modules are shown in Fig. 7. 
Some of the functional building blocks which are form- 
ed by combining basic modules will now be described. 

Position Register. All machine-tool control systems 
must have some method of determining the present ma- 
chine position with respect to a zero point. The method 
used in this system consists of a steel bar having closely 
spaced grooves along its length and a magnetic pick-up 
head placed adjacent to the grooved bar. The steel bar 
is mounted on the moving portion of the machine and 
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the pick-up is mounted on a fixed portion. The grooves 
on the bar cause the impedance of the pick-up to vary 
as they move with respect to each other. The magnetic 
head is actually two impedance elements spaced a quarter- 
cycle from each other (a cycle is the distance from the 
top of one groove on the bar to the top of the next). 
The head impedances are parts of bridge circuits which 
are energized from a high-frequency oscillator. 

The signals generated in the bridge circuits are applied 
to the position register whose block diagram is shown in 
Fig. 8. The signals are detected in detectors A and B 
and applied to flip-flops Q/ and Q2. In flip-flops Q3 and 
(4, the present waveforms are compared with the previ- 
ous waveforms and an indication of any change from 
the previous position is developed. These data are added 
or subtracted from the position stored in the delay line. 
The information in Q/ and Q2 is then transferred to Q3 
and (4 in preparation for the next sampling. As long as 
the sampling period is small compared to the time re- 
quired to travel one distance increment, it is not possible 
to lose counts, which would result in inaccurate ma- 
chining. 

The logic gates, flip-flops, and delay line (along with 
the detector circuits) of this position register add up to 
a functional block that can be used on any axis of any 
machine tool. By the use of a circular bar in the de- 
tector, the position register can also be used for measur- 
ing angular position of a table or a machining head. The 
position register can also be used for detecting weight 
of items in a process-control system by measuring the 
angular rotation of the scale pointer shaft. It might also 
be used as a liquid-level indicator by referencing the 
magnetic head to the liquid surface. 

Binary-decimal to Binary Converter. Arithme- 
tical operations and even simple counting as used in the 


Detector 
RB 


f 
| r 
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Fig. 8—Schematic diagram of position-register block. 





position register are simplified if a straight binary sys- 
tem is used rather than a binary code. However, com- 
munication of instructions to a control system must be 
in decimal or binary-coded decimal for easy interpreta- 
tion by human operators. A binary-decimal code is a 
very convenient form of information representation for 
punched-paper or magnetic tapes. A building block for 
converting binary-decimal to binary information is then 
another desirable and versatile functional block. 

A simple procedure for converting a binary-decimal 
number to binary is as follows: 


(1) Read most significant digit. 

(2) Multiply by ten. 

(3) Add next significant digit to result. 

(4) Multiply by ten. 

(5) Continue process until last digit is added, but 

not multiplied by ten. 
This procedure is valid since each digit by itself is a 
binary number and all arithmetic operations in the con- 
version process are performed in a binary system. 

To perform these operations electrically, the binary- 
decimal to binary converter, whose block diagram is 
shown in Fig. 9, was devised. The binary-decimal digit 
is read into flip-flop Q5 serially and added to the number 
already in the delay line register using C as a carry 
flip-flop. The multiplication by 10 is divided into two 
steps. The first step is multiplication by 2 and the second 
is multiplication by 5. Multiplication by 2 in binary 
notation is very simple, requiring merely a shift of 
every bit one space to the left. For instance, assuming 
the digit is 9, in binary form this is 1001.* Two in 
binary form is 10 and 1001 times 10 is 10010, which is 
18. In the converter, this is accomplished by routing the 
delay line output through flip-flop Q5 for one circulation. 

Multiplication by 5 is accomplished by shifting a num- 
ber two spaces to the left and adding it to itself. Thus, 
continuing the example above, 5 is 101 and 101 times 
10010 is 1011010, which is 90, or 5 times 18. However, 
1011010 can also be obtained by the following addition: 


10010 
10010 


1011010 


The 2-bit shift is obtained by feeding the number 
through flip-flops Q5 and Q6 and the addition is per- 
formed in the sum gate used for the read-in addition. 
The second digit is read in and added in similar fashion. 
The sign of the number read in determines whether the 
number in the register is to be changed to a “two’s” com. 
plement for negative numbers or left unchanged for posi- 
tive numbers. Flip-flop Q7 is used for this purpose when 
necessary. 

Open-loop Control. The example chosen at the 
beginning of this article is an open-loop control system: 
that is, overshoot is not corrected by feedback. However. 
by proper design of the anticipation distance, creep rate. 
and drive system response, overshoot can be kept to a 
negligible minimum. There are several advantages to 
this type of system: 

(1) High-gain, low-drift servo amplifiers are not re- 
quired. 

(2) Machine axes may be clamped in position, pro- 
© For a complete explanation of the conversion of decimal numbers to digital 


numbers, see “Digital Methods in Measurement and Control,’ Evectrica, Mant 
FACTURING, September 1959, p 125 


Delay line register 


Fig. 9 — Binary-decimal to binary 
converter block diagram. 


viding a rigid base for cutting operations, without the 
hunting and drift of a closed-loop servo. 

(3) Repeatable accuracy is greater than for a closed- 
loop system. This is true because the latter may move 
any distance within the resolution distance without cor- 
rection by the system. However, the repeatable accuracy 
of the open-loop system is a function only of the response 
time of the system components. The axis clamp prevents 
further motion until the next programmed operation. 
Repeatable accuracies of 0.0002 in. have been obtained 
with a resolution of only 0.001 in. 

When coincidence is reached in all three axes, the next 
block of tape is read into the controls. Although tape 
reading time is short (less than 2 sec), it may be objec- 
tionable to include this time in the machining cycle. The 
addition of a delay line for storage of axis dimensions 
and relays for auxiliary function storage allows a new 
block of tape information to be read while the machine 
is using the previous information. The building-block 
approach makes is possible to include or exclude this 
feature with little change in the rest of the control system. 

The system can be extended to control 4, 5 or 6 axes 
by adding another present-position register, position-de- 
tector circuits, and some control flip-flops to switch the 
output to the proper axes. This also illustrates the ad- 
vantage of the building-block approach. 

The advantages of this design method are numerous: 

(1) Design time for a new system can be spent on the 
system rather than on individual circuits. 

(2) Manufacturing cost and, therefore, selling price 
can be lower through large-scale production of identical 
units. Maintenance is simplified because modules are 
easily replaced and several systems in a plant use many 
identical modules. 

(3) Many new control problems may be solved by 
simple combinations of existing modules and building 


blocks. 
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Labeling Control-Panel Elements — 


Basic principles and recommended practice to help the engineer select the 


right labels and to locate them on the panel for ease and accuracy of operation. 


H. L. WILLIAMS 

Supervisor, Human Factors Engineering 
Me par, Inc, 

Falls Church, Virginia 


BREVITY AND MEANINGFULNESS often 
represent conflicting design objectives 
in selecting labels for controls and 
displays in man-machine systems. Too 
brief a label may have little meaning. 
As a result, operator training time may 
be increased, also the incidence of 
operating errors. Long labels may have 
meaning but take too much time to 
read and cause excessive “visual noise” 
(clutter). To seek a satisfactory com- 
promise between brevity and meaning- 
fulness, one or two words with precisely 
the right meaning must be found. 

It is often possible to reduce the 
number of words by eliminating re- 
dundancy. For example, an equipment 
switch is used to select frequency 
channels. It is a common experience 
to find such controls labeled “FRE- 
QUENCY SELECTOR,” but it is ob- 
vious that it is the function of the 
control to “select”. The “SELECTOR” 
portion of the label therefore should 
be eliminated. 

To be completely meaningful, labels 
should take into account not only what 
is being measured or controlled but 
also the purpose of the operation. 


For a machine operator a control used 
to apply power to the machine might 
be labeled with the single word 
“POWER”, but for a maintenance 
technician, “A-C POWER.” 

When the only acceptable word for 
a label takes up too much space, ab- 
breviations may be used, but the abbre- 
viation should be both standard and 
free of ambiguity. If abbreviations 
are newly coined, particular care must 
be exercised to make sure that the 
meaning will be obvious to the operator 
of the equipment. If possible, use 
standard abbreviations such as_ those 
contained in MIL-STD-12A,_ which 
contains a fairly extensive list of ab- 
breviations commonly used on draw- 
ings and as labels for equipment. Two 
well-established requirements of MIL- 
STD-12A are: (1) use periods only to 
avoid misinterpretation, and (2) use 
the same abbreviation for all tenses 
and for both singular and _ plural 
forms. Capital letters should be used, 
of course, in all labels. 


Location of Labels 


Confusion in relating labels and 
control-panel elements can be mini- 
mized by locating the label properly. 
To be easily readable, the words in 
labels must be oriented horizontally. 
Ideally, every, point on a_ control 


VAs Une 


AONE fee rie 


OOO 


sie Cou 


panel should be perpendicular to the 
operator’s line of sight, in which case 
labels would be visible unless actually 
covered by a moving part. On the 
other hand, it is seldom desirable to 
locate labels on visible parts of control 
elements, nor is it always possible or 
desirable to do so with displays. Con- 
sequently, care must be taken in most 
cases to locate labels in such a way 
as to prevent their being obscured by 
protruding elements. 

The problem is complicated, more- 
over, by the requirement that the 
operator should find it easy to deter- 
mine which label identifies which 
element. To satisfy this requirement, 
there must be consistency in the lo- 
cation of labels. If labels are always 
placed above or below the elements 
being identified, labels will not be 
obscured as a result of horizontal dis- 
placement from the line of sight. At 
the same time we will have satisfied 
the “consistency” requirement: we can 
locate the labels as close as necessary 
to the elements without obstructing the 
operator’s vision. 

Vertical 
from the line of sight, however, still 
poses a problem. If the control panel 


displacement of elements 


is above eye level, we should locate the 
labels below the elements as shown at 
A in Fig. 1. If the control panel is 


OOO 
OOO 


Fig. 1—Placement of labels for controls and displays when control panel is (A) above eye level, (B) centrally located, and (C) 


below eye level. 


OCTOBER 1959 





Group label 


Fig. 2—Method of group labeling when 
elements are in a single horizontal row. 


centrally located as shown at B (not 
too far above or below eye level), 
we may place the labels above or 
below the elements as long as place- 
ment is consistent. If the control panel 
is below eye level, as at C, we should 
place the labels above the elements. 

If the control panel on a console 
starts at shelf height (29 or 30 in.) 
and extends to the ceiling, the solu- 
tion would be to place all labels below 
the elements identified. If the control 
panel extends from floor to ceiling, 
the only satisfactory solution is to 
mark off the control panel in sections 
below, central to, and above eye level 
and label each section accordingly. 

Control panels are sometimes in a 
horizontal rather than a vertical plane 
—for example, when a portion of a 
shelf or writing surface is used for con- 
trols. In this instance, labels should be 
located below the elements (the side 
nearest the operator) to prevent their 
being obscured. 

How far should a label be located 
from a control element or a display? 
The answer would depend on _ the 
degree of “crowding” on the control 
panel. In the case of centrally located 
control panels, the optimum distance 


CHECKLIST for 


Optimum Design of Labels 


for Controls and Displays 


1. Are all controls and displays 


labeled? 


2. Are the labels brief? Free of 


redundancy? 
3. Will the labels be meaningful 


to the operator of the equip- 
ment? Will he be familiar with 


the words? 
Are all labels 
quick and easy reading? 
Are abbreviations used only 
where necessary to reduce the 
space required or to improve 
intelligibility? 
Are the abbreviations well 
known and free of ambiguity? 
Is the same abbreviation used 
for all tenses and for the singu- 
lar and plural forms of words? 
8. Are the abbreviations free of 
periods except where necessary 
for clarity? 
9. Is consistency maintained in 
locating labels for individual 


horizontal for 


would depend also on how far the 
panel extends above and below eye 
level. The basic requirements previ- 
ously stated, however, must be met in 
each case. The label must be located 
sufficiently close to the element being 
identified so that the operator has no 
difficulty in associating both, yet it 
should be sufficiently distant so that it 
is not obscured by the element. 

The locations of labels for control 
positions (for example, rotary selector- 
switch position labels) are largely 
determined by how the controls are 
placed on the control panel. Although 
orientation of the controls can be 
varied to insure visibility of labels, 
such action is not recommended. Ease 
of operation should be given priority 
over visibility of position labels. When 
the proper orientation has been deter- 
mined, however, everything possible 
should be done to make the control- 
position labels visible. 

Poor visibility is not the difficulty 
most frequently incurred by operators. 
The combination of many positions on 
a rotary selector switch, long labels, 
and limited space can result in a 
mass of labels that practically defies 
the ability of an operator to sort out 
which label belongs to which switch 
position. Particular care should be 
taken in labeling selector-switch posi- 
tions to make sure that labels are 
clearly associated with switch positions 
and that visual noise is not excessive. 

The required mode of operation of 
many controls is not always too obvi- 
ous. In labeling control positions, 
therefore, we often can improve ease of 


controls and displays? 

Are labels located below con- 
trols and displays for control 
panels positioned above eye 
level? 

Are labels located above con- 
trols and displays for control 
panels positioned below eye 
level? 

Are the labels sufficiently close 
to controls and displays to 
avoid confusion? 

Are the various positions of 
controls clearly labeled? Free 
of crowding? 


15. 


16 


17, 


18. 


Are controls labeled to indiec- 
ate the direction in which to 
operate them (“increase”, “de- 
crease”, etc.) ? 

Are groups of related controls 
and displays identified by 
labels? 

Are group labels located above 
the group identified? 

Are labels for control positions, 
elements, and groups graduated 
in size? 

Are capital letters only used in 


operation by including brief directions 
for operation; for example, “increase 
and decrease,” “on and off,” etc. 


Location of Group Labels 


For ease and accuracy of operation, 
it is recommended practice to group 
functionally the individual controls 
and displays on a panel. Functional 
groups often require group labels; 
these, too, should be properly located. 
The established style of locating titles 
in books and magazines at the top 
of a page or table can be “extrapo- 
lated” to group labels on control 
panels with excellent results. In the 
experience of this author a label lo- 
cated above the functional group 
causes much less confusion than one 
located below, to the side of, or within 
the group. 

If there are many elements in a 
functional group, it is often advisable 
to associate the label with the group 
by means of lines or brackets, as in 
Fig. 2, for a horizontal row of elements. 
For larger groups, a line completely 
enclosing the functional group (Fig. 
3) not only serves to associate the 
label with the group, but also visually 
defines the bounds of the group. 


Size and Style of Letters 


The acceptable sizes and styles of 
letters for labels have been well estab- 
lished.* With good lighting, proper 
* ‘Visual Presentation of Information,’’ Charles A. 
Baker and Walter F. Grether, Aero Medical La- 


boratory, WADC Technical Report No. 54-160, 
August 1954. 


the labels? 

19. Has the AND 10400* or an 
equally legible style of label- 
ing been used? 


20. Are the smallest labels visible 


under all required viewing 
conditions? A minimum of 0.05 
in. under illumination? A 
minimum of 0.15 in. if illum- 
ination is poor and the label 
presents essential information? 
Is the stroke width of letters 
from 1/6 to \% of the height? 
. Is the width of letter 3/5 of 
the height except for the “i”, 
which is one stroke in width, 
and the “m” and “w”, which 
are 4/5 of the height? 
Are the labels sharp, contrast- 
ing, and not likely to be worn 
or become obscured with grime 
and dirt? 
Are all labels which are to be 
read under low illumination 
white on a dark background? 
Backlighted? 


* USAF-Navy Aeronautical Design Standard 
AND 10400, Standard Form of Letters and 
Numerals, revised 7/8/48. 
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contrast between labels and_back- 
ground, and a 28-in. viewing distance. 
labels may be as small as 0.05 in. If 
space is not restricted, however, labels 
should be 0.125 in. or more in height. 
If the illumination is poor and the 
label conveys essential information, 
the height of letters should be at least 
0.15 in. 

The width of letters should be % 
of the height except for the letter “i”, 
which should be one stroke in width, 
and the letters “m” and “w”, which 
should be % of the height. The stroke 
width of letters should be from % to 
1, of the height. 

Labels graduated in size according 
to use—that is, position, element or 
group identification—can be of con- 
siderable help in reducing confusion 
and the time required of an operator 
in searching for a control or display. 
If, for example, the labels identifying 
the positions of toggle or selector 
switches are smaller than the label 
for the switch, there will be a much 
lower probability that the operator 
will confuse the element label with 
switch position labels. Similarly, the 
use of larger letters for group labels 
than for element labels will make it 
easier to identify the group. 


Final specification of letter sizes for 
use in labels should not be made with- 
out prior reference to the equipment 
being labeled. If space is not restricted, 
however, effective labeling can be at- 
tained by using label heights as follows: 


Table of Label Heights 


Switch position 


Single elements %o in. 


Groups of two or more elements ‘46 in. 


Two or more groups 14 in. 


Contrast Between Labels and 
Background 


Visibility of a label may be defined 
as the probability of seeing the label 
against a given background. To maxi- 
mize this probability we must optimize 
the contrast between label and back- 
ground so as to afford 100 per cent 
probability of perception by a person 
with normal vision. At the same time, 
the amount of light emanating from 
both label and background must not 
be so great as to cause discomfort to 
the operator. 

Black labels on a light-colored sur- 
face or white labels on a dark surface 


“Group label 


Fig. 3—Group labeling with more than 
one row of elements. 


generally will do the job adequately. 
If ambient illumination is low, a white, 
phosphorescent, or backlighted label 
on a dark background is preferable. 
If the illumination is good, a black 
label on a light background may be 
superior since there is less tendency 
for soiling, particularly if the labels 
are engraved OoO0°o 


Summary 


A 24-point checklist of recommended 
procedures in the design of optimum 
labels for controls and displays is 
given in the accompanying panel. 


LS 


Effect of High Temperature 
And Nuclear Radiation on 
Silicone Insulation Systems 


(Continued from page 115) 


humidity conditioning show that radiation has damaged 
the insulation. The values obtained after 395 megarads 
at 200 C are similar to those obtained on a NEMA 284 
frame motor with similar insulation after 50,000 hr of 
operation at 240 C. In Figure 4, the insulation resistance 
of several insulation systems is compared after 24 hr con- 
ditioning at 100 per cent RH. The silicone-insulated 
motor exposed to heat and radiation has run longer than 
the motors insulated with 105 C (Class A) and 130 C 
(Class B) insulation exposed to heat only. The cumula- 
tive damage of heat and radiation is evident by compar- 
ing the plotted insulation resistance of the two silicone- 
insulated motors tested. 

2. The experimental radiation-resistant silicone grease 
has performed satisfactorily during this exposure. The 
bearing temperatures are between 135 and 150 C when 
the motor is running at 200 C and the radiation dose is 
estimated at greater than 150 megarads. 

3. Radiation damage at 200 C is greater than would 
be caused by heat or radiation applied separately, but 
there are still insufficient data to predict the ultimate life 
of this motor insulation system under gamma irradiation 
at 200 C. 

4. Resistance of the copper winding measured during 
the 4000-hr inspection period was about 2 per cent less 
than during previous measurements. This unexplained 


OCTOBER 1959 


decrease in resistance is not due entirely to instrument 
error or to variations in the temperature of the winding. 


Conclusions 


Silicone insulating materials and systems have been 
exposed to the combined influences of heat and radiation. 
These tests show that silicone-rubber insulation systems 
can be operated at 200 C where the total radiation dose 
during the lifetime of the equipment does not exceed 
approximately 50 to 100 megarads. 

Experimental silicone-rubber formulations are being 
developed that appear to be more resistant to radiation 
than those evaluated. Preliminary tests indicate that these 
new materials are serviceable after exposure at high 
temperature to several hundred megarads. These radia- 
tion-resistant silicone rubbers are not yet available com- 
mercially, but design engineers can anticipate their avail- 
ability for future applications. 

Where maximum life and reliability are required, in- 
sulation systems based upon such inorganic materials 
as fiber glass, mica and asbestos bonded with silicone 
resins should be specified. The severe and accelerated life 
tests reported here are not complete, but the preliminary 
results show that these silicone materials will withstand 
radiation exposures exceeding most present requirements 
in nuclear power applications. 

A few tests have been made on silicone materials ex- 
posed to neutron flux. These tests indicate that the mech- 
anism of deterioration due to neutrons is similar to that 
caused by gamma flux and the damage is not more severe. 
Therefore, these data obtained under exposure to gamma 
flux may be useful in designing silicone-insulated equip- 
ment that will be exposed to neutron flux. OOO 
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Edited by 


Molded DAP Resins 
in Weapons-System 
Components Design 


DAP resins, the abbreviated name for 
diallyl phthalate molding compounds, 
offer high electrical and mechanical 
properties.* These resins are generally 
reinforced with a fibrous mineral or 
synthetic filler material; glass, Orlon, 
Dacron and asbestos are used extens- 
Typical 
types of filled DAP resins are given 
in Table I. 

A design application of DAP resins 
at the U. S. Naval Ordnance Labora- 
tory, Silver Spring, Maryland, involved 
a weapons system containing more than 
70 plastics parts. Although part of the 
equipment was to be pressurized in a 
dry inert humidity — re- 
mained a major problem since it had 
to be assumed that a few defective or 
moisture-containing components would 


ively. properties of several 


atmosphere, 


be introduced into the system. Porous 
metal housings were also likely to ac- 
cumulate moisture. Also, it was as- 
sumed that some components would be 
exposed to a marine atmosphere dur- 
ing emergency repairs. To assure re- 
liability of the highest order, the 
plastics parts had to be capable of 
withstanding  moisture-laden 
phere for extended periods without 


atmos- 


* See “New Plastics Molding Materials,” 
Manuracruninc, March 1956, p 90 


Evecrnicat 


Fig. 1 
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Molded terminal board of DAP resin. 


loss of required operating character- 
istics. Moreover, they should not cor- 
rode adjacent metal parts. 

The following additional properties 
were considered necessary : 


e shock and vibration resistance 

@ good electrical surface and _ vol- 
ume resistance 
low thermal 
pansion 

e low deformation under load 

e@ high dimensional stability 

e moldability. 


coefficient of  ex- 


Environmental tests on model and 
reproduction parts molded of  glass- 
filled DAP molding compounds have 
shown the parts to have the required 


Arno_p E. Rupaut, Associate Editor 


high reliability. Table II illustrates the 
rigid qualification tests and data as 
required by military specification MIL- 
M-19833 (SHIPS). Figures 1 and 2 
illustrate representative DAP  com- 
ponents. 

Data obtained on glass-filled DAP 
molding compounds are specified in 
NavOrd OS7884 and MIL-M-19833 
(SHIPS). Air-gun shock tests on a 
selected molded part show that a com- 
mutator supported only at the hub 
would withstand at least a 1000 x 
gravity shock. This test involves a two- 
phase shock. The first (impact) phase 
consists of a velocity change of 27.8 
ft/sec within 0.2 to 0.4 millisec. Dur- 
ing the second (drag) phase the com- 


Fig. 2—Rotary switch and commutator using DAP molding resin. 
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Table !—Typical Properties of DAP Resin Molding Compounds 


Property 

Electric strength: 

Short time, 4 in., vpm 

Step-by-step, !4 in., vpm 
Volume resistivity, ohm-cm 
Dielectric constant: 

60 cycles 

10° cycles 

10° cycles 
Dissipation factor: 

60 cycles 

10° cycles 

10° cycles 
Loss factor: 

60 cycles 

10° cycles 

10° cycles 
Arc resistance, sec 
Izod impact, ft-lb/in. of notch 
Compressive strength, psi 


Flexural strength, psi 


Thermal coefficient of expansion, 
linear, max, deg C 


Heat distortion, 264 psi, deg F 
Flammability: 

Under 0.05 in., in. /min 

Over 0.05 in., in./min 
Water absorption, 24 hr, per cent 
Tensile strength, fracture, psi 


Modulus of elasticity, psi 


Rockwell hardness (M) 


Heat resistance, continuous, deg F 


* SI self-extinguishing 


Food Machinery 


Source ind Chemicals Cc 


Radial line 


Split 
Fig. 
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| ASTM test 
method 


D 149 
D 149 


247 
150 


150 
150 


150 
150 
150 


D 150 
D 150 
D 150 
D 495 
D 256 
D 695 


D 790 


D 696 
D 648 
D 568 
D 635 
D 570 
D 638 
D 790 
D 785 


D 794 


Orlon 
filled 


Asbestos 
filled 


350-400 
275-350 


350-390 
250-300 


1x10" 4X10" 


| 5.2-6.2 
| 4.5-6.0 
| 
0.026 | 
0.020-0.025| 0.04-0.0 
0.015-0.020| 0.04-0.0 
0.10 
0.07-0.10 
0.05-0.07 | 


115 
1.2 0.45 
30 ,000 25,000 


10,500 12,000 


1. Sxi¢ 3.5% 360" 


266 350 


SE* 
SE 

0.2 
6,000 
0.6 10° 

108 100 


350-400 400-450 


1rp., Chemicals and Plastics Div 


Deep radial cracks 


Broken into several pieces 


8 | 
6 


| 
| 
| 


| 
| 


| | 
| Fiber-glass | 


filled 


335-420 
300-420 


125 
6.0 
25,000 


18,000 


2.2 X10 
360 
SE 
SE 
0.12-0 


7,500 


400-450 


3—Typical shock failures of commutators made of materials other than DAP 


Dacron 
filled 


350-374 
374 


0.006 
0.012 


0.022 
0.051 


105-125 
4.5 
30 ,000 


11,500 


. | 2.0X10° 


290 


SE 
SE 
2 | 0.2 


5,000 


350-400 


Cellulose 
filled 


350 
250 


4x10" 


0.65 
30 ,000 


9,000 


0.2 


5,000 


400-450 


Unfilled 


| 450 
| 


1.8X10" 


0.034 


118 
0.2-0.3 
22,000-24,000 


7 ,000-9 ,000 


0.5-0.6 
0.09 


| 3,000-4 ,000 





0.6 X10° 
114-116 


350 


Insert forced out of position 


Shattered into many pieces 


molding compounds. 
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mutator is accelerated for a minimum shows typical failures of materials 
of 15 millisec at 1000 g. Figure 3 other than glass-filled DAP. O OO 


Table Il—Property Values for Qualification Test of 
DAP Resin Glass-Fiber Filled Molding Compounds® 


Test method 


Specifi- | Modified Conditioning 
Property to be cation by procedure Value 
tested L-P-406 (Par.) (see Par. 4.3.1.5)* required 
Compressive strength 
endwise, psi 1021.1 E-48 /50 +-C-96/23/50" 20 ,000 


Dielectric constant, 
max: 
At 1 ke 50 +des 
| 50+ D-24/23 


At 1 mc 50+des 
50 +D-24/23 


Dissipation factor, 
max: 


At 1 ke 
At 1 mc 


Electric strength, 
vpm, min.: 
Short-time test 

Step-by-step test 


Short-time test 
Step-by-step test 


Dielectric breakdown, 
kv, min. avg: 
Short-time test 
Step-by-step test 


Short-time test 
Step-by-step test 


Flexural strength, 
face,® psi : 50+ 7 10,000 


Heat-distortion tem- 
perature, side,* 
deg C 


Impact strength, ft- 
lb/in. notch, 
min. avg: 
Face 50 +C-96/23/50 
Side 


Tensile strength, psi 50 +C-96/23/50 


Water absorption, 
per cent, max 100 +des + D-48/50 


Dimensional stability 
(high temperature), 
per cent linear 
change, max (See 4.3.2.7) 


Volume resistance, 
megohm, min. - (See 4.3.2.8) 


Surface resistance, 
megohm, min. (See 4.3.2.8) 


Source: Condensed from MIL-M-19833( SHIPS) 

aA condition as received, D immersion conditioning, E temperature and humidity conditioning, 
» des desiccation 

_© To be recorded as basis for initial voltage in step-by-step test. 

4 The face of the test specification is that area formed by the top or bottom force plug. 


© The side of a test specimen is that area formed by the chase of the mold. 
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Tiny Strain Gauges 
For Rapid Application 


THE THREE STRAIN GAGES shown are 
produced by the Tatnall Measuring 
Systems Company, Phoenixville, Pa., a 
subsidiary of the Budd Company. They 
are made of a foil by a photoengraving 
process, which results in flexibility in 
form, high reliability and accuracy, and 
very small size; the gages range from 
149 in. wide and %p in. long to a 14-in. 
square, are 0.001 in. thick and weigh 
from 1.1 to 9.3 mg. The rosette gage is 
intended for determining magnitudes 
and directions of principal strains, the 
miniature gage is for use in areas of 
very steep strain gradient, and the high 
fatigue-life gage is for structures under- 
going severe dynamic strains. 

The rosette gages are temperature- 
compensated for steels, 18-8 stainless 
steels, magnesium alloys and aluminum. 
They are epoxy-backed and at least 
M46 in. of border material is supplied on 
all sides of the rosette pattern. The 
miniature gage, with a working area 
only 1%» in. long, is for use around cut- 
outs. holes and fillets where steep strain 
gradients may exist. The miniature gage 
is temperature-compensated for the 
same metals as the rosette gage. 

The larger dynamic strain measure- 
ment gage offers a high gage factor 
(approximately 3.2) and maximum en- 
durance limit. Principal applications 
are on structures undergoing severe 
high-speed dynamic strains such as are 
encountered in rapidly rotating or re- 
ciprocating machines. The dynamic 
strain measurement gage cannot be 
temperature compensated, and is not 
recommended for static measurements 
because of its high positive temperature 
coefficient. 

All of the gages offer extreme flexi- 
bility and conformability, large power- 
handling capability, reliability and ac- 
curacy, and rapid installation. Any one 
of the new gages can be installed and 
made ready for use within five minutes 


by the use of cement. OOO 
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Wiring Harnesses 
Machine-Wrapped with 
Pressure-SensitiveTape 


C. E. FRICK, Manager Technical Service 
Jouns-MANVILLE, DutcH Branp Division 
Chicago 19, Illinois 


+7 Veunew +¢., 
oT ace * 


ORIGINAL DESIGN of the Belvidere Tint- 
A-Matic paint blender* called for its 
two cable harnesses to be packaged 
in “zip tubes.” The cost of the tubes 
and the assembly time necessary to 
apply them to the harness were ex- 
cessive, however, for a competitively 
priced machine. So Belvidere engineers 
tried spot winding the harnesses at 
regular intervals with pressure-sensitive 
tape. This lowered material and as- 
sembly costs substantially, but there 
was still too much “spaghetti mess.” 

Total enclosure with plastic tape, 
however, tested out as satisfactorily as 
zip tubes at a materials cost still con- 
siderably lower. But hand-wrapping 
was prohibitively expensive. 

The final solution, worked out jointly 
by Belvidere and engineers of the J-M 
Dutch Brand Division, was to wrap 
the harnesses automatically using a 
Segur taping machine built by the 
Electric Service Manufacturing Co., 
Chicago, Ill. The savings in materials 
and assembly time add up to an 80 


Fig. 1—Cable harness is conventionally laid out on a master wiring board and spot 
taped to hold its specified formation. 


per cent reduction in the cost of the 
©o:0O 6 


harness-wrapping operation. 


* Tint-A-Matic Paint Blender, developed by the 
Belvidere Manufacturing Co. of Belvidere, HL, for 
the retail trade, meters nine different pigments to 


, d ci 1) precise i i a q . ‘ . ie i i i 
eas ia aint 1400 precise tints in pint, Fig. 2—Spot-taped harness is connected to selector switch, which is also spot taped to 
simplify subsequent assembly in cabinet. 


Fig. 3—After 100 per cent testing, the 
harness is completely wrapped with pres- 
sure-sensitive tape by an automatic tap- 
ing machine. 


=> 


Fig. 4—Cable harness and other wiring 
is lashed to internal support members of 
Tint-A-Matic paint dispensing machine, 
Switches are similarly secured, 
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Integrated Design 


For Compact 
Airborne Generator 


PAUL WINTER FRANKLIN 
LELAND AirporNeE Propucts Division 
American Machine & Foundry Co 


FOR SMALL AND MEDIUM-CAPACITY gen- 
erators, integration of the regulating, 
filtering and rectifying components and 
the drive with the generator has been 
found advantageous. Interconnections 
equipment are 
eliminated, regulator cooling is auto- 


to remote auxiliary 


matically provided by the generator 
cooling arrangements, and the user is 
relieved of the need to provide separate 
means for installation and maintenance 
of auxiliary equipment. It is entirely 
practical to mount diodes, for instance, 
within an integrated control compart- 
ment or in the air intake of a generator 
for either self- or blast-cooling. A 
separate generator, regulator and trans- 
former-rectifier system can thus be 
combined into one unit with an obvious 
overall gain in ease of installation and 
of reliability. In particular, the rather 
dificult problem of cooling a separate 
transformer-rectifier installation at high 
altitude is completely eliminated. It has 
been found that accessibility and 
maintenance are not impeded by overall 
integration. 

An example of the possibilities of 
overall integration is shown in Fig. 1. 
This is a combination of a duplex a-c/- 
d-c generator, 4 kva at 0.75 to unity 
power factor, 120/208 volts, 400 cycles 
and 20 amp, 28 volts d-c, with a vari- 
able displacement hydraulic motor. The 
attached regulator box contains the a-c 
regulator, the rectification equipment 
and all filtering and protective com- 
ponents. The unit is self ventilated for 
conditions essentially in accordance 
with MIL-G-6099A Class B, and the 
control box receives a part of the total 
cooling air. The design achieves a net 
weight and space saving by eliminating 
a separate pad between motor and gen- 
erator, by using two bearings instead of 
three as a consequence of the “out- 
board” motor mounting, and the elimi- 
nation of separate assembly, enclosure 
and interconnections for the control 
equipment. 

A major improvement in the new 
generator design, electrically, is the use 
of two generator stator windings to 
produce the a-c power and the power to 
be rectified for d-c, instead of the 
former practice of employing one wind- 
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Fig. 1 


missile applications by Leland Airborne 


Foundry Co. 


ing and rectifying a part of the power 
for d-c requirements. The latter prac- 
tice necessarily entails the use of a 
separate transformer and rectifier with 
its bulk and weight, cost and additional 
reliability, 
considerations. The use of two wind- 


maintenance and_ cooling 


Integrated design of hydraulic-motor driven a-c/d-c generator for aircraft and 
Products Division, American Machine & 


ings, one to deliver the correct voltage 
for the d-c supply, also makes it possi- 
ble to include the rectifying equipment 
in the generator unit assembly, since 
the transformer is eliminated. 

Figure 2 is the circuit for a shunt- 
excited generator with a six-phase half- 
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Fig. 2—Circuit for self-excited generator 
using six-phase winding for d-c supply. 
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wave rectifier with interphase trans- 
former. Other methods of excitation 
are feasible, as are other phase com- 
binations, but their choice depends 
upon power capacity range and other 
service requirements such as wave- 
shape and noise limitations. A twelve- 
phase winding arrangement, for in- 
stance, offers minimizing of noise and 
line disturbances but requires at least 
twelve rectifying diodes and complex 
winding connections. 

In the generator control system using 
plain diodes for rectification for the 
d-c power supply, only one voltage 
regulator is used, which functions so 
as to keep the a-c terminal voltage 
constant. The internal generator voltage 
rises with increasing load, so that the 
winding for d-c supply develops a 
higher voltage with increasing load on 
the a-c circuit. Regulation test data on 
a 4 kva machine, using simple bridge 
rectification to supply d-c at 28 volts 
and 20 amp, are shown in Fig. 3. The 
results are larger ma- 
chines using more sophisticated rectifi- 
cation arrangements provide improved 
results. The curves indicate that for the 
relatively unfavorable simple bridge 
rectification scheme, total d-c variation 
is less than +2 volts for the complete 
a-c load range and a d-c load variation 
of 25 to 100 per cent. 

Present military specifications limit 
d-c ripple to from 1.5 to 2.1 volts peak. 
These requirements can be complied 
with in the new machines, using proper 
filters, with the more complex twelve- 
phase system offering obvious advan- 
tages in this respect because of the 


conservative; 


inherent higher frequency of ripple. 
Deformations of a-c wave shape are 
caused by reflections of the rectification 


Fig. 4—Phase voltage wave-shape, full load 
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D-C volts 


3/4 


D-C load 
Fig. 3 


in the d-c supply circuits and also are 
a function of the method of machine 
excitation. For the smaller generators, 
for instance, shunt or compound self- 
excitation leads to less bulk and cost 
than separate excitation, but spike- 
shaped indentations of a-c output wave 
shape are inevitably produced as a con- 
sequence of the fact that with self- 
excitation the control devices act by 
instantaneous switching and attendant 
transients. With self-excitation, excita- 
tion power is obtained from the gen- 
erator a-c winding and regulated by 
either magnetic amplifiers or controlled 
diodes, both of which operate by_ in- 
stantaneous switching. A typical spike 
in the generator output voltage result- 
ing from regulator switching in a plain 
shunt-excited machine is shown in Fig. 
4. It can be seen that the spike area is 
small and represents a low-energy ele- 
ment. The spike consequently has little 


a-c, no load d-c. 


100% D-C load -20 amperes 
100% A-C load - 4kva 0.7 PF 


Full A-C load 
/2 A-C load 
144 A-C load 
No A-C load 


Full 


D-C voltage regulation of 4 kva generator using bridge rectification. 


influence upon voltage harmonic con- 
tent and has been found to exert no 
detrimental effect upon the great major- 
ity of passive ot rotating power loads. 
It is conceivable that the spike may be 
undesirable for some low-power elec- 
tronic applications, for which it can be 
suppressed easily by filters. If the spike 
is absolutely inadmissible for a_par- 
ticular application, it can be reduced 
or eliminated by the use of a more com- 
plex excitation system using a separate 
exciter and possibly additional trans- 
formers and diodes. These expedients 
will necessarily add to cost, weight and 
complexity, so that wave-shape require- 
ments should be carefully considered 
on the basis of absolute necessity. 
The effect of d-c circuit rectification 
on a-c wave-shape is shown in Fig. 5. 
The voltage spike is unchanged, but 
there is a minor increase in higher 
harmonics. OOO 


Fig. 5—Phase voltage wave-shape, full load a-c and d-c, showing 
effect of rectification. 
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Controlled Rectifier 
Overload Protection 


BARUCH BERMAN 

Chief Engineer, Control Dept. 

Avion Division, ACF Inpustries, Inc. 
Paramus, N.J. 


Because the relatively new 3-terminal 
semiconductor device which functions 
as a thyratron operates on an “every- 
other-cycle” basis, adequate overload 
protection is not obtained simply or 
easily. A circuit which will accomplish 
such protection using a second silicon- 
controlled rectifier and ether solid- 
state devices is shown in the schematic 
diagram. 

The normal contro] circuit consists 
of the controlled rectifier (SCR1), 
which is connected in series with the 
load and the a-c supply, and a fast- 
response magnetic triggering circuit 
containing two rectifiers (CR1 and 
CR2), an isolation transformer (T1) 
and a saturable reactor (L1). The pri- 
mary of Tl is connected across the a-c 
supply and the instantaneous polarities 
of the voltages in its secondary and 
those in the windings of LI] are indi- 
cated by the dots in the diagram. 

During the first half-cycle of supply 
frequency, when the anode of SCR1 is 
positive, rectifier CR1 allows current 
to flow to the gate G of SCRI1. The 
phase angle of this gate current with 
respect to the supply and, hence, the 
amount of load current which flows, 
are determined by the saturation level 
of the A winding of Ll. When all the 
voltage from the B secondary of Tl 
is absorbed in the reactor winding, 
no input, except for a small amount 
due to excitation current, appears 
across the gate-cathode junction of 
SCRI1. 

The saturation level of L1 is deter- 
mined by the current which flows in 
its B winding. During the first cycle, 
this current is zero due to the blocking 
action of CR2. During the second half 
cycle, if no voltage were applied to the 


“Design Notes 


W. W. RAPER, JR. 
Project Engineer 
Western Exvectric Co. 
Winston-Salem, N. C. 


THE COMPACTNESS which is achievable 


with printed-wiring circuits makes 
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Over-current 
adjust 


Schematic diagram to achieve overload protection of controlled silicon rectifier using 


solid-state devices. 


B winding of L1, the A winding would 
saturate the core so that, when the 
third half cycle occurred, the voltages 
across the reactor winding would drop 
and the voltage on the gate of SCR1 
would be raised to a level sufficient 
to start conduction from anode to cath- 
ode. However, if full voltage were im- 
pressed on the B winding of L1 during 
the second half cycle, the core would 
not be saturated and no gate voltage 
would appear in the third half cycle. 

To control the silicon rectifier, then, 
it is necessary to control the voltage on 
the reactor B winding during the “even” 
half cycles. During normal operation, 
this is achieved by the control signal, 
which magnetizes the reactor core in 
accordance with the magnitude of the 
signal. Another way of cutting off the 
control of the SCR1 is to apply the full 
voltage from Tl to the B winding of 
the reactor during the even half cycles. 
This is done by reducing the impedance 
of rectifier CR3 so that it will pass the 
current necessary to reset the reactor 
core to cutoff. The overload circuit, by 
applying this bias to CR3, achieves its 


proper function. 

A current transformer (CT) is con- 
nected in series with the load to pro- 
vide the overload bias to rectifier CR3. 
Under normal conditions the trans- 
former secondary current which flows 
through the adjusting rheostat does 
not provide sufficient voltage drop to 
break down Zener diode Z. With the 
occurrence of an overload, however, the 
diode breaks down and a voltage is 
applied to the gate of SCR2 which 
is large enough to cause that rectifier 
to conduct. The auxiliary d-c supply 
flowing through SCR2 and CR3 biases 
the latter so that voltage from the C 
winding of Tl is applied to the reactor. 
The reactor and SCR1 are thus reduced 
to cutoff and the load 
stopped. 

Under normal operation. no “tele- 
graphing” operation of SCR2 occurs 
since, once it is conducting, it remains 
conducting due to the holding effect 
of the auxiliary d-c supply. Once an 
overload has occurred, it is necessary 
to reset the circuit by opening and 


~My 


closing switch SW. IOO 


current is 
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Curved Printed-Wiring Boards 


them particularly suitable for use in 
missile guidance systems. However, 
special problems often occur in such 
applications. In the Nike-Ajax System, 
for instance, the design required that 
four boards be curved such as is shown 
in Fig. 1. Figure 2 shows four of the 


boards assembled together. Problems 
encountered in the design of this unit 
included selection of material. solder 
plating process, and forming method. 

The basic material used in the fabri- 
cation of the boards is a nylon cloth 
impregnated with phenolic resin. The 
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Lockheed’s endless-loop tape recorders 
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boards are 1/16 in. thick with coppe: 
laminated 0.0027 in. thick on both sides. 
There are several possible methods of 
printing the wiring on boards of this 
type. The original method used on the 
curved boards is known as the “solder- 
plate-resist” method, in which a nega- 
tive circuit configuration is silk-screened 
onto the laminate followed by a coat- 
ing of solder plated onto the remaining 
surface. The solder plating serves three 
useful purposes: (1) it resists the 
chromic acid used in the etching pro- 
cess; (2) it protects the copper against 
future handling and oxidation; and 
(3) it provides a solderable surface 
to which the terminal lugs can be at- 
tached. However, a distinct disadvant- 
age of the solder-plate-resist method is 
the inherent porosity of solder plate. 
The etchant can seep through faults 
in the plating and cause weak places 
in the copper circuit which break dur- 
ing later fabrication and assembly 
operations. This condition was not dis- 
covered until considerable investigation, 
initiated by shop complaints, brought 
it to light. To eliminate this problem, 
a photo-resist or a silk-screen resist 
method was substituted. 

Forming Operation. After the circuit 
has been etched on the board, the pro- 
cedure may take one of two paths: the 
board can be formed to shape either 
before or after the assembly of termin- 
als. In either case, the board is heated 
to a temperature of 320 F for 1 min. 
rolled in a forming press. and cooled. 
Problems are encountered in the opera- 
tion, however, particularly on boards 
with the terminals assembled before 
forming. In such cases, the wiring pat- 
tern tends to buckle on the concave 
side of the board, and the buckled 
places may break during fabrication 
or assembly operations. If these places 
are detected during electrical inspec- 
tion, the board must be discarded along 
with the attached parts and assembly 
time is lost. 

One of the most persistent difficulties 
encountered concerned solderability of Fig. 3—Newly designed board, below, has wider circuits, better 
terminals. The solder-dip finish origi- finish. 
nally specified for the terminals was 
later changed to solder plate. When 
this proved to be unsatisfactory, it was 
discarded in favor of a _ 0.0002-in. 
copper plate with a 0.0003-in. tin-plate 
finish. This provided a good solderable 
finish, but raised the problem of inade- 
quate shelf life. Consequently, the tin 
plate was changed to a 0.0001-in. gold 
plate, which combines good solder- 
ability with adequate shelf life. 

Another problem encountered with 
regard to the terminals was intermittent 


Fig. 2—Assembly of four curved boards. 


joints between terminals and the wir- 
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MILWAUKEE 2, Wisc. 
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Boustead Electric & Mfg. Co., Inc. 
109-11 Washington Ave., North 
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NEW YORK 12, New York 

B & B Electric Motor Company 
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Close tolerance machining 


Bodine Motors are close-tolerance- 
machined. This means trouble-free 
operation .. . long life. . . low reject 
rates. The end result: a better motor, 
at a lower cost. Call your Bodine Dis- 
tributor today. Bodine Electric Co., 
2506 West Bradley Place, Chicago 18, 
Illinois. 
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DESIGN NOTES 


ing pattern. These were caused either 
by improperly set terminals or poor 
solderability. Further difficulties were 
met when it was found that the prac- 


tice of drilling out improperly set 
terminals left a void so that another 
properly set terminal would not touch 
the copper pattern. 

Additional Changes. To further im- 
prove the product and eliminate manu- 
facturing problems, the width of the 
conductors on the boards has been 


increased wherever possible, uneven 
tensions have been relieved by mini- 
mizing unnecessary bends in the pat- 
tern, and electrical characteristics have 
been improved by coating the circuit 
with varnish. A comparison of the old 
and new designs is shown in Fig. 3. 


OO 


Protection of Transistor Power-Supply Modules 


EDWIN N. KAUFMAN 
Woodland Hills, Calif. 


BoTH TRANSISTOR- AND TUBE-REGULATED 
power supplies, as a rule, utilize the 
same types of circuits which conven- 
tionally consist of series regulating 
tube(s) or transistor(s) and a voltage- 
sensing amplifier to control the series 
voltage-regulating circuit. 

Power-line surge or on/off transients 


Transitron 


TMI7 


_ +28vdc 
2 amperes 
+2% reg 
\Omv ripple 








mig stud to 2N575 
collector 
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17Omh 20 


15Ovde 
1\000mfd 


Motorola |OM75Z5 


No |! rectifier output clamping 


can be more prevalent than is generally 
realized, with the result that series re u- 
lating transistors have excessive voltage 
placed across them, causing the series 
regulator to fail. The series regulator 
then usually shorts and applies the rec- 
tifier voltage directly across the load. 


This additional voltage may damage the 


equipment operating from the power 

supply. 
One of 

utilized to prevent this failure. A Zener 


several 


<~Motorola 50M18Z 
Bose 











methods can be 


Na 2 series regulator clamping 


diode rated just above the maximum 
rectifier output voltage can be con- 
nected directly across the rectifier out- 
put, thus shorting any unusual line 
surges or transient spikes. In any case. 
best design practice dictates that the 
largest capacity condenser that is prac- 
tical from standpoints of cost and space 
should be used at the input to the series 
regulating transistor(s) to swamp 
ripple and spikes. A second method is 
to connect a Zener diode, rated above 


No. 3 output 
vervoltage 
protection 


Base motorola 
50M3025 














(negative lead) 


i2 = 
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Zener diode 


tie a 
No. 4 overvoltage latching circuit 
requires sensitive relay (Westen Sensitrol) 


Note 


Alternate protection circuits 


No. 5 overvoltage circuit 
fuse link protection 


All resistors in ohms +5% |/2w unless otherwise specified 


Zener diode 


Spring 


Single pole circuit 
pens when fuse link blows 
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Nylon replaces metal in this 

idling cam. made by Chicago 

Molded for Holly Carburetor. 
By injection molding it of nylon, 
CMPC eliminated 3 operations—hard- 
ening, stamping, and assembly ... cut 
production costs 50°;. A unique mold 
design provides for easy changes in the 
number and sizes of ratchets at min- 
imum expense. By any measure of value 
analysis, this is designing for profit. 
Think how this foresight could benefit 
your product, your profit. 


This molded plastic suspension 

clamp, used for spacing power 

cables, has installation-ease and 
maintenance savings designed into its 
4 integrated acrylic parts. The two- 
piece clamp body is fastened securely 
with a special bolt and nut, also acrylic. 
Injection molded, the clamp saves up 
to 60°;% of the cost of conventional 
systems—another example of designing 
for profit with plastics by CMPC, 


Ways 
to design for profit 
with Chicago Molded 
Plastic parts 


This transfer molded part is one 

of 10 Tormat memory blocks 

in the Seeburg Selectomatic 200 
phonograph. The Chicago Molded body 
tolerances at 10 key 
spots on each side of the blocks. Fine 
detail and dimensional stability, good 
dielectric properties and high moisture 
resistance were basic material require- 
ments met by CMPC. Our engineers 
can suggest ways to make your prod- 
ucts better by designing in plastics .. . 
designing for profit. 


involves closest 
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Linear polyethylene replaces 

brass in this deep-well compo- 

nent injection molded by 
Chicago Molded for Red Jacket Manu- 
facturing Company. By applying the 
right plastic material and molding 
method, CMPC solved a long standing 
corrosion problem and improved pump 
efficiency. Cost—a fraction that of brass 
with finishing eliminated. Perhaps you 
have a similar part or component. 


These injection molded nylon 

shapes compose a unique Ven- 

turi Valve unit used to regen- 
erate the mineral bed of a Culligan 
Water softener. Previously, they were 
brass. By switching to Chicago Molded 
Thermoplastics, performance and dur- 
ability were improved, material cost 
cut, machining and finishing elimi- 
nated. Your job may be smaller or very 
large, may require a different plastic, 
compression or transfer molding. For 
the right combination, call CMPC. 


DESIGN FOR PROFIT by con- 
sulting Chicago Molded engineers be- 
fore committing your product to final 
drawings. They can show you how 
to make a good product even better, 
at lower cost through the use of cus- 
tom molded plastic parts. Contact: 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1025 North Kolmar Avenue, Chicago 51, Illinois 
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the actual drop across the 
series regulating transistor, across the 
series regulating transistor. Any volt- 
age appearing across the series regu- 
lating transistor in excess of the Zener 
diode’s voltage rating will cause current 
conduction through the Zener diode and 
prevent the i 


voltage 


voltage from rising in 
excess of the series regulator voltage 
rating. This method also prevents de- 
struction of the series regulating tran- 
sistor if the power supply is momen- 
tarily shorted. Ten or fifty watt Zener 
diodes should be used for the above 
applications. 

Where it is desired not to modify a 
standard power supply and yet provide 
overvoltage protection in the event of 
series regulator failure, the use of a 
Zener diode rated above the power- 
supply output voltage and wired across 
the power-supply output will protect 
the equipment on the power-supply 
bus by causing either the line or load 
fuse to blow. The Zener diode will pre- 
vent the bus voltage from rising ex- 
cessively as well as provide an addi- 
tional load to blow the fuse. When 
used in this manner the Zener diode 
should provide the additional load to 
blow the fuse. The fuse size must be 
in the proper range and the equipment 
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SHERMAN L. GERHARD, Physicist 
PICATINNY ARSENAL 
Dover, New Jersey 


IN ANALYZING the behavior of existing 
circuits and in designing new ones, the 
basic configuration of a capacitor and 
a resistor in series with a battery or 
some other constant source of electric 
potential is often encountered (Fig. 1). 
The equation relating the various quan- 
tities involved is 

V/Ve=1—e Ra 1—eN (1) 
where V, is the potential applied to the 
circuit, V is the potential across the 
capacitor at any instant of time f, 
R and C are the resistance and capaci- 
tance, respectively, and N = ¢t/RC. 


Ra 
VW\ 





J 
. 


Fig. 1—Simp'e cirevit involving d-c volt- 
age, resistance and capacitance in which 
it is desired to investigate the value of V 
across the capacitor at any given time. 
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should not be overfused for direct-short 
protection. 

The selection of the proper Zener 
diode must be based on the voltage re- 
quired and the current rating. Where 
a Zener diode is being used for short- 
term overload, the normal current rat- 
ing can be multiplied by a factor of 
ten. Rating in excess of that is not 
advisable due to the relatively long 
time it takes for fuses to blow. The 
voltage selection is more difficult. In 
general, Zener diodes can not be ob- 
tained with voltage tolerances closer 
than + 5 per cent. A 30-volt Zener 
diode rated at + 5 per cent would 
have a nominal range between 28.5 
and 31.5 volts. The difference between 
the rectifier output voltage and the 
actual Zener voltage divided by the 
Zener internal resistance is equal to 
the Zener current drawn when _ the 
series regulator shorts. As current flows 
through the diode, heating occurs and 
the Zener voltage increases, thereby 
decreasing the Zener diode load cur- 
rent. In one typical instance the cur- 
rent through the Zener diode was 50 
rated 
current rather than 100 per cent, as 
calculated. Thus, as men- 
tioned before, the fuse size is critical 


per cent of the power-supply 
originally 


and should be selected to provide ade- 
quate protection.* 

Before inserting load fuses in the 
*For a related treatment, see “Overcurrent Protec- 


tion of Semiconductor Rectifiers," ELgcrricar 
Manuractuninc, April 1959 


RC Circuit Equation Solutions 


The capacitor is initially uncharged. 

To obtain results for some practical 
problems this equation must be solved 
numerically for one parameter when 
the rest are given. In other more com- 
plicated problems such as finding the 
values of parameters to produce optimal 
results under given conditions, a more 
intimate knowledge of the functional 
characteristics of the equation is re- 
quired. 

Three-Dimensional Surface. In  ob- 
taining a simple construction for the 
surface representing this function it is 
found that its contours are straight 
lines radiating from the V/V, axis as 
shown in Fig. 2. This is readily demon- 
strated by observing that t — NRC, 
which represents radial planes whose 
traces in the (RC, t) plane have the 
slopes N, as shown in Fig. 2 for 
V = 0.511. For any given value of N, 
the function V/V, has the constant 
value 1 — e~—* in the corresponding 
radial plane. The surface thus consists 
of a series of straight lines radiating 
from the axis, each line higher than 
the preceding one as the value of N 
increases. These lines may be used as 


output leads of high-voltage power sup- 
plies, the fuse resistance should be de- 
termined. Many high-voltage fuses will 
have up to 35 ohms resistance, in effect 
making a regulated power supply into 
an unregulated power supply. In this 
instance, where it is desired to provide 
overvoltage protection only, a selected 
line fuse should be used. 

It might be noted that a Zener diode 
utilized for overvoltage protection can 
be used to actuate a series-connected 
relay. Voltage over the Zener’s rating 
will actuate the relay which may be 
the latching type, if desired, which can 
be used to turn off the equipment or 
light warning lamps. This same scheme 
can also be used with a fusable-link 
relay. These relays consist of relay 
contacts held in an open or closed 
position. When a fuse link is melted, 
the relay contacts are actuated. 

It cannot be overemphasized that 
transistors cannot stand voltage re- 
versals or high current surges even 
when fused. In addition to the pre- 
ceding points on power-line-operated 
power supplies, a note should be added 
about transistor power supplies de- 
signed to operate on direct current. 
These should all be designed with an 
internal series silicon rectifier in the 
input power lead to prevent accidental 
input power reversal. Several methods 
of power supply protection are illus- 
trated in the circuit 
diagram. OOO 


accompanying 


one set of coordinates to which other 
curved lines for constant f or constant 
RC values may be added. These are 
also shown in Fig. 2. Since the surface 
depends only on N, its shape is the 
same no matter what scales are used 
for t and RC, as long as they are in 
the same units. 

Semi-Log Plot. For numerical solu- 
tions to the problem, it may be con- 
venient to use the plot shown in Fig. 3, 
where the ratio of V/V, is shown as 
a straight line function of t/ RC (—=N). 
This graph was constructed on semi- 
log paper by measuring N from right 
to left and plotting e— starting with 
unity at the top. The paper was then 
turned upside down and the numbers 
printed on the log scale were subtracted 
from 1, producing the scale shown for 
V/V, along the left side of the graph. 
This representation shows clearly that 
V/V, increases as t/RC increases and 
it also provides a quick numerical 
evaluation for any one parameter when 
the others are known. 

The resistance and capacitance ap- 
pear as the product RC, so that either 
may be used as a variable while the 
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quantities you require. 
Backing up the WILBUR B. 
DRIVER reputation for 
reliable performance are two 


DRIVER CoO. 


NEWARK 4, NEW JERSEY 
Telephone: HUmboldt 2-5550 


|. ALWAYS AVAILABLE! 


Precision Alloys 


Wilbur B. Driver Company's 
Sendzimir Mills produce 
high accuracy in rolling 


The WBD vacuum melting 
installation is the 
largest in the industry 


This entire building 
is devoted to research 
and engineering at WBD 


The Newark plant 
incorporates executive 
and general offices 


Cleveland warehouse 
is a typical WBD 
regional headquarters 


West coast manufacturing 
plant located in 
Santa Maria, California 


a Precision Electrical, Electronic, Mechanical and Chemical Alloys for All Requirements 
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DESIGN NOTES 


other is held constant. Since the re- 
sistance is usually of less interest than 
the capacitance, the former has been 
implicitly assumed to be the known 
parameter. However, the roles of the 
two can be easily reversed. 
Comparison with Hyperbolic Tangent. 
The graph of the function V/J 
] f 


bolic tangent of \. The series expan- 


resembles that of the hyper- 


sions of the two functions are 

I e% \ oy a 

tanh 

315 

(As the first term in each series is 
simply \, it is fairly obvious that their 
slopes are both unity at the origin. 
The tanh N is always somewhat greater 
than the 1 e function, but the 
greatest difference is only 0.13 (20.4 
per cent) at \ 1. For those familiar 
with the graphs of the hyperbolic fune- 
tions, this similarity may serve as a 
convenient reminder of the shape of 
the graph for VV, l en", 

Mlustrative Problem. The following 
problem used to illustrate the princi- 
ples involved here was encountered in 
the design of batteries. The specifi 
problem was to find the value of 
capacitance that would accumulate a 
given amount of energy FE in a mini- 
mum time for a constant voltage J 
applied as shown in Fig. 1. 

(a) Graphical solution. We will first 
show how the functional surface in 
Fig. 2 may be used to provide a visual 
concept of the problem and a_ first 
approximation to the numerical solu- 
tion. A similar graphical analysis might 
be helpful in more complicated prob- 


Fig. 2. Functional surface of } 


17N*/ 


lems if the analytical work should 
prove to be very involved. 

Because the constant energy condi- 
tion, 

E = CV?/2 (2) 
is to be imposed upon the system, we 
are interested in the intersection be- 
tween the surface representing this 
condition and the functional surface 
of Fig. z 

To simplify the numerical work, we 

take as a unit the capacitance C’ which 
is equal to 2E/V?,. We let RC aRC' 
and f bRC' and lay off scales for 
RC and t in multiples of a and 6, as 
shown in Fig. 2. The equation for the 
constant-energy condition now becomes 
(V/V) C’/C and (V/V,)* 
1 a. This equation is plotted as curve 
FG. Since the curve is independent of 
ft, it is an open (non-circular) cylinder 
with generators parallel to the ¢ axis. 
The space curve FMH at the intersec- 
tion of the two surfaces was obtained 
by conventional projection techniques, 
using the straight contour lines of the 
functional surtace as reference lines. 
This curve was projected vertically 
downward onto the (RC, t) plane, pro- 
ducing F’M’H’, and horizontally to the 
left onto the (1, V/I 
ing F”’M”H”. 

The coordinates of the optimal point 
M (a 543; 0 
optimum numerical values for the pa- 
rameters; that is. ( we. to. 

2.49 RC’, and V/I 0.764. Owing 
to the obliquity of the projection and 


) plane. produc- 


2.49) provide the 


other drafting difficulties, these results 
are in only partial agreement with the 
results of the analytic solution which 
follows. 
(b) Analytic solution. By eliminating 
) 


C between Eqs (1) and (2), an equa- 
tion for t in terms of V is obtained. 


C2ER/V*) log 


This can be differentiated to obtain 


dl ae I 1 I 
d\ 2ER| 55 V/V. Ve 


v/v | 


Setting this derivative equal to zero 
and letting z V/Vo, we have 


2 
\ log Cl 


21 z) 


It can be shown that the second de- 


log. Zz 0 (1) 


rivative d°t/dV= is always positive. in- 
dicating that the solution of this equa- 
tion gives the minimum time. The so- 
lution is made using successive ap- 
proximations and the values in the fol- 
lowing table are obtained. 


é log Differ 
z 2(1 —z) (1 —z ence 

75 ] 114 
7A 086 
73 0412 
O14 
O15 
003 
001 
0003 


wo 
i“ 


2 
o 
, 
o 
. 
0 
) 
> 
9 


715 
716 


7158 


The value of z is obtained to four sig- 
nificant figures, which is ample for 
practical purposes. The corresponding 
values of capacitance and time are ex- 
pressed in terms of the minimum ¢a- 
pacitance C’. Thus C 1.952C’ and 
t 2.45RC’. The voltage V attains 
the value 0.7158V, by the time the 
desired energy is accumulated. The 
resistance is a given parameter and 
affects only the minimum time required, 
not the capacitance. 





\VN~ 


ig. 3—Semi-log plot of } /V, vs N where % 
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miniature pulse 
transformers 


more than 800 standard units available 


Sprague Miniature Pulse transformers give the circuit 
designer the flexibility he needs to meet the varied 


high as 10 megacycles... with pulse levels ranging 
from fractions of a volt to several hundred volts. 


requirements of low-power, high-speed computers. 
Sprague literature details more than 800 standard units 
in a wide variety of mounting styles, shapes, and 
encasements for conventional or printed wiring board 
assembly. Many special types can also be furnished to 


Typical circuits utilizing Sprague Pulse Transform- 
ers include pulse amplifiers (for current or voltage 
step-up, impedance matching, decoupling, pulse inver- 
sion and push-pull operation); pulse shaping and dif- 
ferentiating; blocking oscillators (in regenerative circuits 


of the triggered and self-triggered type); general tran- 


sistor circuits. 


THE MARK OF RELIABILITY 


match specific circuit and packaging requirements. 
Sprague pulse transformers handle pulse widths of 
20 millimicroseconds and wider...at repetition rates as 


For application assistance on your pulse transformer problems, 
write to Manager, Special Products Division, Sprague Electric 
Company, Union St., North Adams, Mass. A complete series of 
Engineering Bulletins covering Sprague’s standard pulse trans- 
formers is available from Technical Literature Section, Sprague 
Electric Company, 307 Marshall St., North Adams, Mass. 


SPRAGUE COMPONENTS: 
MAGNETIC COMPONENTS ¢ TRANSISTORS ¢ RESISTORS « CAPACITORS ¢« INTERFERENCE FILTERS + PULSE NETWORKS 
e HIGH TEMPERATURE MAGNET WIRE ¢ CERAMIC-BASE PRINTED NETWORKS «¢ PACKAGED COMPONENT ASSEMBLIES 
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NATIONAL LOCK 
Functional hardware 
for metal cabinets 


61-675 
MAGNETIC CATCH 


“Floating action” ceramic 
type permanent magnet. 
Aluminum housing resists 
heat. Elongated holes 
and extension on housing 
facilitate use where 

shelf is recessed. 


TUTCH-LATCH 


Opens door automatically with gentle touch of 
hand. Holds door securely when closeo 
Installation made by “snapping” iaich housing 
into pierced hole in cabinet. Sirike has 

“snap in” application. 


58-574A 


CONCEALED 
SPRING HINGE 


Toggle spring action 
hoids door open 

ai 90°position and 
securely closed. 
Eliminates neec for 
catch on applications 
not requiring positive 
latching action. 

Rugged. Easily installed. 


CONTINUOUS HINGES 


Offered with equal and unequal wings .. . with and 
without holes, Selection of widths (up to 4”) 

and lengths (up to 96”). Finishes range 

from plain steel to hand-buffed chrome. 


Write us! 
STANDARD AND CUSTOM REFRIGERATOR HARDWARE e@ PLASTICS 
THERMOPLASTICS © RANGE HARDWARE e — AND BOLTS 


‘All from 1 source”’ 


IN NATIONAL LOCK COMPANY 


INDUSTRIAL HARDWARE DIVISION 
ROCKFORD, ILLINOIS 
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Silver and Silver Alloys— 
Properties and Design Applications 


(Continued from page 171) 


paper and plastics which cannot withstand high firing 


temperatures. 


Applications 

Silver is used extensively in contactors of all types 
from small computer parts to central station switchgear. 
It is also used in collector rings for motors and in motor 
brushes. 

In many cases the thermal conductivity of silver is 
important in keeping the assemblies in which it is used 
from overheating. Its optical reflectivity is utilized in 
lamp reflectors where the glass surface is silvered by 
means of a vacuum evaporation process. 

Solders and Brazing Alloys. Silver brazing al- 
loys are essentially ternary alloys of silver, copper and 
zinc, with silver content varying from 10 to 80 per cent. 
They flow freely at temperatures from 1145-to 1600 F. 
However. there are many variations that incorporate 
higher percentages of silver, additions of cadmium, phos- 
phorus, ete., all designed for specific applications. Several 
lead-base, tin-base, or cadmium-base soft solders contain 
2.5 to 5.0 per cent silver where greater joint strength 
than is present in lead solders is required. 

Practically every end product that has a joining or 
bonding problem is a potential user of silver brazing 
alloys and solders. Where strong, ductile, corrosion- 
resistant joints are necessary, and the higher temperature 
required for brass and nickel-silver brazing alloys and 
copper-alloy welding rods would cause damage to the 
metal to be joined, silver alloys are most often specified. 

Electrical Contacts. Electrical equipment requiring 
a moving contact (such as motor and generator brushes) 
use silver in the form of sintered mixtures of silver or 
silver alloy and graphite. Recently, sintered mixtures 
of silver and cadmium oxide in the form of wire have 
shown promise for the manufacture of electrical contact 
rivets by cold heading. Improved performance without 
loss of conduction is claimed. 

Electrical appliances employ silver contacts in the 
form of either silver plating, pure silver, silver alloy or 
silver bonded to steel or copper. Practically all contacts 
on high-voltage switching equipment are silver plated 
or otherwise employ silver-to-silver contact surfaces. 

Ceramics. Growing use is being made of silver powder 
or flake combined with glass fluxes and metal compounds 
for use as a conductor and electrode material in ceramic 
components. Complicated electrical circuits may be 
screen printed or painted on ceramic disks or plates, 
then fired at ceramic temperatures to fuse the metallic 
silver compound to the ceramic. These processes have 
been developed to the point where the entire operation 
of printing, baking, assembling and testing of the com- 
plete functional unit can be done by automatic pro- 
cedures. 

Batteries. Silver-zinc batteries are largely used 
equipment requiring high power-output with minimum 
weight and size. These batteries are as much as six times 
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USG° BRUSHES contribute. 
to the reliability of | 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thof specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 


Always specify USG brushes of carbon, carbon-graphite, electro-graphitic graphite, 
metal graphite or silver-graphite for your 

rotating electrical equipment. A well-trained ee > vend 

staff of engineers is available to assist you in gined in Catalog B-56 and the 

the selection of the grade and type of USG _yjs@ grade list. Write for these 

brush best suited to your application. two catalogs today. 


B-267-1 


THE UNITED STATES GRAPHITE. COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR™ CARBON-GRAPHITE © GRAMIX® POWDER METALLURGY o MEXICAN” crapHite ProoucTs * USG” BRusHes 
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aay, 
iii eeanwe 
TCs 
precision 
snap-acting |} 


OU CAN USE these new, sub- 
miniature switches where posi- 
tive, snap action — with long 
life and dependablé operation 
over a wide temperature range 
— is vital to control circuits. 
Up to +650F, or down to 
—65F, the UNIMAx Type FC 
switch provides precise control 
in small space, Type FC-1 has 
welding-tab terminals; Type 
FC-2 has threaded-stud ter- 
minals. 


A descriptive data sheet will be 
sent on request. For detailed 
test data covering temperature 
characteristics, life, repeatabil- 
ity, and vibration and shock 
resistance, write — on com- 
pany letterhead — for Report 
No. RFC-12. 


ELECTRICAL RATINGS 


4 amperes, resistive 
at 18-30 volts d-c 


2.5 amperes, inductive, 
at 18-30 volts d-c 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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lighter and five times smaller than other batteries of 
similar capacity. The silver-zinc cell discharges at con- 
stant voltage levels. Guided missiles are the latest units 
to utilize silver-zinc batteries to energize guidance-con- 
trol circuits and mechanisms, and to power telemetering 
equipment. 

The silver-cadmium rechargeable battery is also a 
lightweight, compact, long-life unit with characteristics 
similar to those of the silver-zinc battery. Although it is 
a little heavier than the silver-zine cell, it is being used 
to a great degree in portable equipment where rugged- 
ness and long life are more important than the weight 
factor. 

A silver-type battery recently developed is a_ solid 
electrolyte type made with silver, silver iodide and vanad- 
ium pentoxide. This battery weighs less than 1 oz, has 
practically unlimited shelf life, and is designed for low- 
current applications. 

Silver is expensive, its cost being about 40 times that 
of copper or aluminum, base metals commonly used for 
their high electrical properties. This high cost is offset 
by better service life, improved reliability of equipment. 
high salvage value and the small volume of material 
needed in a given application to take advantage of its 
desirable properties. IOC 


Acknowledgments 

Acknowledgments are made to the following organizations for 
their help in furnishing information for this article: American 
Machine and Foundry Co., Battery Laboratory, Raleigh, N. C.; 
American Smelting and Refining Co., New York, N. Y.; Electric 
Storage Battery Co., Raleigh, N. C.; Yardney Electric Corp.., 


New York, N. Y. 


Learn how you may 
solve more engineering problems 
with Ira Ritow’s 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by 
engineer-teacher Ira Ritow offers a really 
practical treatment of the theory and use of 
the engineer’s prime computing instrument, 
the slide rule. It includes well-illustrated 
instructions for the use of all conventional 
slide rule scales and the circular rule. Over 
50 step-by-step examples of slide rule set- 
tings applicable to engineering problems. 


Reprint copies of the complete article with 
practice card cut-out slide rules are avail- 
able at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 
cents each. See handy Order Form on page 
230. 
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This may be the SPECIAL INSULATION you're looking for! 


REFRASIL PHYSICAL PROPERTIES: If you’re looking for an efficient, lightweight 2000°-3000°F. insulating 
+ Sen ae ae ene See material in any of the physical forms shown above, REFRASIL may be 
* Resists temperatures up to 3000° F. under . ; / 
certain conditions your best answer. 
* Low Thermal conductivity I eet : iN ‘ oat ; 7 » Se fae . 
ng proven for jet aircraft and missile use, REFRASIL is fast becom- 
* Fiber diameter .00020-.00040 in. . Sl < i ed . : ' : : ~e : ~_ vc 
* Specific heat .19 (Batt) ing an important industrial insulation for —300°F. cold to +3000°F. heat. 
* Thickness .14-.15 in. (Batt) 
* Surface density .05 Ib./sq. ft. (Batt) 


REFRASIL USES: 
® 2000° F. continuous high temp. insulation 
* Filtration of corrosive materials , 
* Removable, insulating blankets @ Write for REFRASIL Product Bulletin and Price List. 
* REFRASIL Reinforced Plastics 


(ASTROLITE for up to 15,000° for short 
duration) 


Thermocouple wire insulation a 
*Electric muffle furnaces 


@Laboratory heating mantles Fi. £ THOMPSON FIBER GLASS CO. 
1733 Cordova Street, Los Angeles 7, Calif. *« REpublic 3-9161 


When other insulation materials fail in critical high temperature use, 
write or call for test samples of REFRASIL. It may be the special insula- 
tion you're looking for! 


WRITE OR CALL YOUR NEAREST HITCO REPRESENTATIVE: EASTERN: | t y, 38 Cr tCir t 6544; Fred W. Mut 
Md., VA. § 135 * MIDWEST: Bu Wedd 3219 W. 29tt t., Jianag é 1.,WA. 5-8685 + SOUTHWEST: Ma 
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Association Activities 


Automatic Controls Conference 


The technical program for the National 
Automatic Controls Conference to be 
held at the Sheraton-Dallas Hotel, Dat- 
las, November 4-6 has been announced. 


November 4: 

General Session—F undamental Theory 
of Automatic Linear Feedback Control 
Systems; General Approach to Control 
Theory Based on the Methods of 
Lyapunov; Impact of Information on 
Control. Control Problems of the Space 
Age—Controlled Propulsion; Attitude 
Control of Space Vehicles; Tracking 
and Path Control; Control of the 
Human Environment. 


November 5: 

Nonlinear Control Theory—Signal Sta- 
bilization of Self-Oscillating Systems; 
A Root-Locus Method for the Analysis 
of Nonlinear Servomechanisms; Some 
Nonlinear Control Techniques Novel 
to Control Engineers Employed by a 
Biological Control System; Analysis of 
Bi-Stable Control Systems; Effect of 
Power-Source Regulation on the Re- 
sponse of a Control-System Amplifier. 

Automatic Control Devices & Systems 
—Pendulous Velocity-Meter Control 
Synthesis; The Analysis of Demodulat- 
ing Compensating Networks; Mathe- 
matical Models for Computer Control 
Systems; Multi-Loop Temperature Con- 
trol System for Fluid Dynamics Facility 
with Long Transport Delays; 
Linear and Nonlinear Aspects of Hot 
Gas Servo Design. 

Control Synthesis and Optimization — 
Topological Techniques for the Solu- 
tion of Multi-Loop Sampled Systems; 
Synthesis of Third Order Contactor 
Control Systems; After-End-Point Mo- 
tions of General Discontinuous Control 
Systems and Their Stability; General 
Theory of Control Systems; Optimal 
Computer Control; The Second Method 
of Lyapunov in the Analysis and Optimi- 
zation of Control Systems; Sampling 
Systems. 


Some 


November 6: 

Automatic Flight Control — Adaptive 
Flight Control; Electronic Gain Con- 
trol in Automatic-Flight-Control Sys- 
tems; Electronic Memory in Automatic- 
Flight-Control (AFC) Systems; Pulse- 
Controlled Integration in AFC Systems; 
Reactor-Wheel Attitude Control for 
Space Vehicles. Control Design Tech- 
niques—D-Decomposition 
Automatic Control Systems; Optimiza- 
tion of the Adaptive Function by the 
Z-Transform Method; Application of 


Analysis of 


202 


Pole-Zero Concepts to Design of Sam- 
pled Data Systems; Synthesis of Feed- 
back Systems with Specified Open-Loop 
and Closed-Loop Poles and Zeroes; 
Calculating Zeroes of Functions Aris- 
ing in Various Control System Problems. 

Random Processes in Control Systems 

Random Sampling: Its Effect on 
Spectral Density; A Procedure for 
Synthesizing Linear Time-Varying Shap- 
ing Filters for Generating Non-Sta- 
tionary Random Outputs: Spectral 
Characterization of Control-System Non- 
linearities; Techniques for the Optimum 
Synthesis of Multipole Control Systems 
with Random Processes as Inputs; Pre- 
dictor Relay Servos with Random In- 
puts. 

Abstracts of all technical papers will 
be available at the Registration Desk, 
but advance copies are obtainable by 
sending a stamped self-addressed en- 
velope to M. L. Barnett. Apt. 208, 6255 
Oram St., Dallas. 


Control Systems 

Components Conference 

This conference will be held jointly 
with the National Automatic Controls 
Conference on November 5-6 at the 
Sheraton Hotel, Dallas, Texas. A tenta- 
tive program for the Control Systems 
Components Conference follows: 

November 5: Transformer Session, 
Phase and Amplitude Variations in 
Wideband Transformers, Proposed 
AIEE Standard on Wideband Trans- 
formers, High Frequency Network 
Representation of Wideband Trans- 
formers; Instrumentation Session, Dy- 
namic Response Testing of Process 
Control Instrumentation; Magnetic 
Amplifier Session. 

November 6: Hydraulic Components, 
Proposed AIEE Standard on Electro- 
hydraulic Servo Valves; Electromechani- 
cal Session, Specifications on Precision 
Motors (SAE ARP 497). 


Plastics Technical Conference 
The first National Technical Confer- 
ence of the Society of Plastics Engi- 
neers, scheduled for October 13-14 in 
Los Angeles, program follows: 
October 13: 
9:00 A.M.: Joint Session on New Ther- 
moplastic Materials and New Thermo- 
setting Materials. 
2:00 P.M.: Joint Session on Quality 
Control in Manufacturing. 
2:45 P.M.: Two Concurrent Sessions on 
Processing Thermoplastics and Proc- 
essing Thermosetting Materials. 


October 14: 
9:45 A.M.: Two Concurrent Sessions on 
End Uses of Thermoplastic and Ther- 
mosetting Materials. 
Afternoon: Joint Session on Miscella- 
neous Subjects. 


Application Insulation 
Conference Announced 

The 2nd Annual National Conference 
on the Application of Electrical Insula- 
tion is to be held on December 7-10, 
Hotel Shoreham, Washington, D. C. 
The program follows: 


December 8: Distribution 
Equipment, Rotating Machinery, Re- 
liability Through Evaluation; Elec- 
tronics, New Materials and Methods. 
Afternoon, December 8: Distribution 
Equipment, Rotating Machinery, Evalua- 
tion of Insulating Materials; Electronics, 
New Elevated Temperature Wire Insula- 


Vorning, 


tions, 
December 9: Distribution 
Rotating Machinery, Ele- 
vated Temperature Materials; Elec- 
tronics, Evaluation and Testing of Ma- 
terials. 


Morning, 
Equipment, 


Afternoon, December 9: Distribution 
Equipment, Rotating Machinery, Ele- 
vated Temperature Materials and Evalu- 
ation Methods; Electronics Dielectric 
Strength Testing. 

December 10: Distribution 
Rotating Machinery, Sili- 
Motor Insulation; 
Insulation for 


Morning, 
Equipment, 
cone Rubber for 
Electronics, Inorganic 
500 F. 
Afternoon, December 10: Distribution 
Equipment, Rotating Machinery, New 
Materials and Methods Dealing with 
Epoxy Resins; Electronics, Elevated 
Temperature Printed Circuits. 

The first day, December 8, will be de- 
voted to marketing sessions. 


ASTM Pacific Area Meeting 


Among the symposiums and_ forums 
scheduled for the American Society for 
Testing Materials Third Pacific Area 
National Meeting, October 11-16, at 
the Sheraton-Palace Hotel, San Fran- 
cisco, are the following: 
October 12, 2:15 P.M.: Symposium on 
Electrical Insulating Materials—Develop- 
ment of Improved Insulating Oils; 
Compatibility of Magnet Wire Insula- 
tions and Epoxy Encapsulating Resins; 
Reliability Study Involving Encapsulat- 
ing Resins in Miniature Transformers; 
Electrical and Mechanical Properties of 
Circuit Boards; Activities of IEC TC/15 
and ISO TC/61 as They Relate to the 
Work of D-9 (National Bureau of 
Standards). 
October 13, 9:00 A.M.: Symposium on 
Materials in the Electronics Industry. 
(Continued on page 204) 
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To all the combined advantages of Synthane Laminated Plastics 
... add one more big plusy-MACHINABILITY 


There are many reasons why plastic lami- 
nates such as Synthane are well regarded. 
They offer—in combination—resistance 
to heat, wear, chemicals, oil, water; light 
weight; excellent dielectric properties and 
mechanical strength; dimensional stabil- 
ity. On top of all these, however, is the 
one property that makes Synthane 
practical— Machinability. 

This means that whatever your appli- 
cation you may obtain parts of Synthane 
in the form desired and at a reasonable 
cost whether you require one or a million. 


How Machinable is Synthane? 

Synthane laminates are easy to machine, 

using ordinary wood or metal working 

machinery with only a few modifications 

of method. As an example, here are some 

standard machining operations readily 

performed on Synthane: 

Screw Machine 
Operations 

Planing 

Shaping 

Punching 

Broaching 

Shaving 

Sanding 

Grinding 

Boring 

Tumbling 

Buffing 


Shearing 

Band Sawing 

Circular Sawing 

Drilling 

Tapping 

Fly cutting 

Milling 

Gear cutting 

Turning 

Turret Lathe 

Operations 

Practically all of these operations can be 
handled on standard machines, many 
with standard cutters. But the nature of 
the material, being softer and more resil- 
ient than metal, and being laminated and 
a poor heat conductor, often makes the 
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Sawing long lengths. One of the numerous 
special tools whose advantages are available 
when Synthane fabricates the material. 


use of cutters with special rake and clear- 
ance, operating at special feeds and speeds, 
desirable. 

The successful machining of Synthane 
laminates is aided by proper design of 
parts for ease of machining. A Synthane 
booklet: ‘‘Design Hints for Laminated 
Plastics*”’ adequately covers design rec- 
ommendations. 


It pays to let Synthane machine 
laminated plastics for you 


Although Synthane laminated plastics 
are easy to machine, it will usually pay 
you to have us handle the machining for 
you—for these reasons: 

1. All of our equipment is especially de- 
signed or adapted for the fabrication of 
plastics. 

2. We are constantly developing new, 
*Booklet available upon request. 
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faster, and more economical methods of 
machining Synthane laminated. 

3. We make all of our own tools, dies, fix- 
tures and jigs, quickly and economically. 
4. We relieve you of all production wor- 
ries: machining errors, rejects, waste, mis- 
takes in dimensions or tolerances, and 
delays in delivery. 

5. Because we combine manufacturing 
and fabrication in one location, we can 
maintain high quality control while solving 
difficult machining problems. When nec- 
essary, we can even modify the properties 
of a given grade of material to meet 
special requirements. 


For further information, write Synthane 
Corporation, 17 River Rd., Oaks, Penna. 


Metal disintegration, a fast, economical way 
Synthane uses to produce or revise dies. 


CORPORATION, OAKS, PENNA. 
Laminated Plastics for Industry 


Sheets, Rods, Tubes, Fabricated Parts 
Molded-laminated, Molded-macerated 
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HOW 
CERAMIC 
MAGNETS 
ENERGIZE 
NEW IDEAS 


««.in Liquid Flow Registers 


Water and liquid meters 
can be read at a distance 
with the remote-indicat- 
ing “Read-O-Matic” Reg- 
ister of the Badger Meter 
Mfg. Co., of Milwaukee. 
Heart of this self-con- 
tained generator is an in- 
expensive 6-pole ring 
magnet of Stackpole 
Ceramagnet. The quick 
release of the magnet 
under spring tension in- 
duces a 3-volt pulse in 6 
coils. This is transmitted 
to a remote totalizer. 


««.in Appliances + Powerful, low 


cost Ceramagnet ceramic 
permanent magnets open, 
close and hold doors; put 
snap into snap-action 
switches and thermostats; 
catch lids from can open- 
ers ... make other mag- 
net uses practical for the 
first time. Ceramagnet re- 
quires no keepers; retains 
magnetism _ indefinitely, 
can be molded in practi- 
cally any shape. 


.«.in Automotive Equipment 


High coercive force and 
high electrical resistivity 
make Ceramagnet ideal 
as field magnets in small 
de motors. They are like- 
wise being investigated for 
fuel-pump drives, speed- 
ometers, ammeters, Car- 
buretors, and many other 


Sy new devices. 


Where can YOU use Ceramagnet? For 
practical suggestions, and engineering 
details, write for Stackpole Bulletin, 


RC-12A. 


STACKPOLE CARBON 


COMPANY, St. Marys, Pa. 


FERRITE 


PERMANENT MAGNETS 
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Calendar of Meetings 


Oct. 5-7 5th Aeronautical Com- 
munications Symposium (sponsored 


by IRE), Hotel Utica, Utica, N.Y. 


Oct. 5-9 Audio Engineering Soci- 
ety Convention, Hotel New Yorker, 
New York City. 


Oct. 6-7 Conference on Value 
Engineering (sponsored by EIA 
Engineering Dept.), Museum Audi- 
torium, University of Pennsylvania, 
Philadelphia. 


Oct. 6-8—Radio Interference Re- 
duction and Electronic Compatibility 
Conference (sponsored by U.S. 
Army Signal Research and Develop- 
ment Laboratories), Museum of 
Science and Industry, Chicago. 


Oct. 7-9-—IRE Canadian Conven- 


tion, Toronto, Canada. 


Oct. 12-14—15th National Elec- 
tronics Conference, Hotel Sherman, 
Chicago. 


Oct. 13-14 Society for Plastics 
Engineers, National Technical Con- 
ference, Ambassador Hotel, Los 
Angeles. 


Oct. 19-20 Annual Convention of 
Magnesium Association, Hotel 
Roosevelt. New York (¢ ity. 


Oct. 26-28 Annual Meeting of the 
Conference on Electrical Insulation, 
Pocono Manor Inn, Pocono Manor, 


Pa. 
Oct. 26-28 — East Coast Aeronau 


tical & Navigation Electronics Con 
ference (sponsored by IRE), Balti- 


more, Md. 
Oct. 29-31 1959 Electron Devices 


Meeting (sponsored by IRE), 
Shoreham Hotel, Washington, D. C. 


Oct. 30-Nov. 1) American Society 
of Refrigerating Engineers, Semi 
Annual Meeting, Traymore Hotel, 
Atlantie City, N.J. 


Nov. 2-6 National Metal Exposi 


tion and Congress, International 
Amphitheatre, Chicago. 


Nov. 3-5 Mid-America Electronics 


October 14, 9:00 A.M.: Symposium on 
Reinforced Plastics (two sessions). 


October 15, 2:15 P.M.: Symposium on 
Newer Metals—Properties of Refractory 


Metals. 


:Sdaenyo 


Conference, sponsored by K. C. 
Section, IRE, Municipal Auditorium, 
Kansas City, Mo. 


Nov. 4-6—National Automatic Con 
trol Conference, sponsored by AIEE, 
IRE and ISA, New Sheraton Hotel, 
Dallas. 


Nov. 5-6 —Control Systems Com- 
ponents Conference (sponsored by 
AIEE, ASME, IRE, ISA and SAE), 
New Sheraton Hotel, Dallas. 


Nov. 9-11 Radio Fall Meeting, 
sponsored by EIA and IRE, Hotel 


Syracuse, Syracuse, N. Y. 


Nov. 9-11 Ith Instrumentation 
Conference, sponsored by IRE, 
Atlanta. 


Nov. 9-13—Annual Meeting, Na 
tional Electrical Manufacturers As- 
sociation, Traymore Hotel, Atlantic 


City, N. J. 
Nov. 16—-Western Appliance Tech- 


nical Conference (sponsored — by 
AIEE and National Subcommittee 
on Domestic Appliances), Biltmore 


Hotel, Los Angeles, 


Nov. 16-19 Sth AIEE Conference 
on Magnetism and Magnetic Mate- 
rials, Sheraton-Cadillae Hotel, De- 
troit, Mich. 


Nov. 16-20 Sth International 


(Automation Exposition and Con 
vress, New York City Trade Show 
Building 


Nov. 17-19 New England Re 
search and Engineering Meeting 
(sponsored by IRE), Boston Com- 
monwealth Armory, Boston. 


Nov. 23-24 Symposium, “Solid 
Facts About Solid State.” sponsored 
by ISA, Ben Franklin Hotel, Phila 
delphia. 


Nov. 30-Dec. 3 Eastern Joint 
Computer Conference, sponsored by 
ACM, AIEE and IRE, Statler Hotel, 


Boston. 


Dec. 1-2 Fourth Midwest) Sym 
posium on Circuit Theory, Marquett 


University, Milwaukee, Wis. 


October 16, 9:00 A.M.: Symposium on 
Newer Metals — Nuclear and Light 
Metals: Processing of Newer Metals. 
Symposium on Post Irradiation Effects 
in Polymers. 
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POWER 


handling’ capacity 


of the new 


Westinghouse 


Silicon 


e ee 
} —— =| 
J 


transistor! 


Greater than 99% efficiency when used to handle 1.5 kw of 
power in a low-frequency DC switch! Power loss is only 
10-15 watts when handling 1.5 kw. That’s just one of the 
impressive specifications established by a remarkable new 
semiconductor device—the Westinghouse Silicon Power 
Transistor. 


This Power Transistor is remarkable in other ways, too... 


e It is the first power transistor available in voltage 
ranges above 100 volts. 


e@ It has power dissipation capability of 150 watts made 
possible by the low thermal resistance of .7°C/watt. 


@ It can operate at higher temperatures than germanium 
(150°C., compared to 85°C). 


Pw 


e@ It has astonishingly low saturation resistance—less than 
-5 ohms at 5 amperes and .75 ohms at 2 amperes, an achieve- 
ment made possible through extensive research and de- 
velopment of hyper-pure Siemens-Westinghouse Silicon. 


e@ It is 100% power-tested under actual maximum rated 
specifications before leaving the plant. 
@ It is encapsulated in a rugged, all-welded case. 


HERE ARE A FEW OF THE APPLICATIONS... 

e@ Inverters and converters @ Data processing circuits @ 
Servo output circuits @ Series regulated power supplies @ 
As a low frequency switch @ In class A amplifiers. 


Available in 2 and 5 ampere collector ratings in production 
quantities now. For complete specifications and details, 
contact your local Westinghouse representative. 


you CAN BE SURE...1F ns Vesti nghouse 


Westinghouse Electric Corporation, Semiconductor Department 
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Youngwood, Pa. 
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Isolastane is Natvar’s new elastomeric isocyanate-type coating for Fiberglas* braid 
and tape. Isolastane tubing being installed on coil leads and connectors of a larger 


¥0'F: 0548 SOLASTANE TUBING 


TO INSULATE AND PROTECT MOTOR LEADS 


The Crocker-Wheeler plant of Elliott Company builds and resistance to all oils and solvents commonly used 
a wide range of electrical motors in sizes up to 500 in insulating applications 

hp. Natvar Isolastane tubing is widely used on both 

large and small AC induction motors When you need flexible insulating materials with good 
Isolastane tubing is especially suitable for protection physical and electrical properties and exceptional 
of motor coil leads and connectors because of its uniformity, it will pay you to get in touch with your 


uniformly high dielectric value, mechanical strength, distributor or with us direct 


tons 
Natvar Products 


Varnished cambric—sheet and tape 

Varnished canvas and duck— 

sheet and tape 

Varnished silk and special rayon— 

sheet and tape 

Varnished papers—rope and kraft— 

sheet and tape 

Varnished, silicone varnished and Natvur Isolastane tubing, as applied to these 4 Isolastane tubing, « lie to coil leads of these 
silicone rubber coated Fiberglas* — field coil leads flexes easily and gives ample eles smaller NEMA frome motors will withstand con: 
sheet and tape trical and mechanical protection tinuous operating ten res up to about 155°C 
Slot cell combinations, Aboglas® (class F) and is extremely tough and resilient and 
Isoglas® sheet and tape resistant to abrasion 


Isolastane® sheet, tape, tubing and 

sleeving 

Viny! coated and silicone rubber C 

coated Fiberglas tubing ond sleeving Oo Rg Pp oO * 4 AT ; ON 
Extruded vinyl tubing and tape 

Styroflex® flexible polystyrene tape 


Extruded identification markers FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
*T.M (Reg US Pot Of ) OCF Corp TELEPHONE CABLE ADDRESS 
We will be very happy to supply information FULTON 8-8800 NATVAR: RAHWAY, N. J. 


on ony of our products on request 
RANDOLPH AVENUE @© WOODBRIDGE, NEW JERSEY 
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Men in Industry 


Kenneth Goodman has been appointed 
chief engineer of Engineered Electronics 
Co., Santa Ana, Calif. Mr. Goodman 
leaves a post as chief customer en- 
gineer of Helipot Division of Beckman 
Instruments. Prior to that he was en- 
gineering manager of Aerovox Corp. 


Appointment of Edward O. Johnson, 
Somerville, N.J.. as manager, advanced 
development, RCA Semiconductor and 
Materials Division, has been announced. 
Joining RCA Laboratories at Prince- 
ton in 1948, Mr. Johnson became 
engaged in research concerning gas 
discharge in electron tubes and various 
areas of the semiconductor field. 


The W. L. Maxson Corp. has an- 
nounced the appointment of Harry 
Nyquist as staff scientist in the Re- 
search and Development Division lo- 
cated in New York City. Dr. Nyquist 
is known for his analysis of the 
feedback amplifier, and data trans- 
mission theory developed at the Bell 
Telephone Laboratories. At Maxson, 
he will be active in systems analysis 
and program planning of communica- 
tions and radar systems. 


Moog Servocontrols, Inc., East 
Aurora, N.Y., has announced the ap- 
pointment of William J. Thayer as 
assistant chief engineer. Following grad- 
uation from Cornell University Mr. 
Thayer did instrumentation development 
work for the Flight Test Department 
at Boeing, Wichita, Kansas. Later he 
joined the staff at Cornell Aeronautical 
Laboratories, Inc. 


Fred V. Aldrich has been appointed 
chief engineer of Technology Instru- 
ment Corp., Acton, Mass. He formerly 
headed the Research and Development 
Department. Mr. Aldrich is an electrical 
engineer, a graduate of MIT. 


Robert Beagles has joined Packard 
Bell Electronics Corp. as chief engi- 
neer of advanced development, Techni- 
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CURTISS WRIGHT 


CUSTOM DESIGNED 


ELECTRONIC COMPONENTS 


TIME DELAY RELAYS 
Instant reset — Voltage compensated 


Curtiss-Wright “IR” thermal time delay relays reset the instant 
they are de-energized. The second cycle will always provide 
the same delay as the first cycle. Variations from 22 to 32 volts 
will not affect the time delay of the “IR” Series. 


SPECIFICATIONS 


Time delay Preset 20 to 180 seconds 
Contact arrangement. .SPST, DPDT OR SPDT 
Temperature comp.......—65°C to + 125°C 
412 ounces 

Hooked solder type 

Mounting Bracket or stud 
Variations of the above relay characteristics 

available upon request. 


New DIGITAL MOTORS 


Stepping motors for high reliability ap- 
plications. Meet the requirements of 
assured reliability and long life for air- 
craft, missile and automation systems. 


Bi-directional * Positive lock * Dynamically 
balanced * Simplicity of design * High pulsing rate. 


New ULTRASONIC DELAY LINES 


Enables development engineers to em- 
ploy new concepts in existing and pro- 
jected applications. Low in cost, small 
in size and simple to operate. 


FEATURES 


SPECIFICATIONS 


Delay range 5 to 6000 microseconds 
Tolerance + 0.1 microsecond 
Signal to noise ratio Greater than 10:1 
Input and output impedance .50 to 2000 ohms 
Carrier frequency 100 kc — 1 me 
Delay to pulse rise time Up to 800:1 


WRITE FOR COMPLETE COMPONENTS CATALOG 159 
ELECTRONICS DIVISION 


CURTISS-WRIGHT 


CORPORATION * WEST CALDWELL, N. J. 
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hew markets 


FOR MANUFACTURER 
OF HEATH-KITS 


No longer is the sale of the more complex Heath-kits limited to 
advanced electronics amateurs. Now, complicated segments of 
many Heath-kit circuits are pre-assembled by the Electro-Mechani- 
cal Division of Erie Resistor Corporation . . . require only simple 
soldering into the rest of the circuit. Even a beginner can assem- 
ble any Heath-kit quickly and easily because of these Erie-matic 
pre-assembled components. 

Exclusive Erie-matic soldering process used on these packaged 
pre-assemblies assures the customer of computer-quality soldered 
connections throughout the unit. As many as 300 Erie-matic 
soldered joints are made simultaneously in less than one minute. 

You, too, can profitably use all the advantages of Erie-matic 
assemblies. Select all or any portion of the service we offer... 
original design, production, complete packaging. 

One of our Electro-Mechanical Division sales engineers will 
be glad to discuss the benefits of Erie-matic assemblies with 
your engineers and production managers. 


ERIE Electro-Mechanical Division 


ERIE RESISTOR CORPORATION 


Erie, Pennsylvania 
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cal Products Division, Los Angeles. 
For the past eighteen years Mr. Beagles 
has been associated with RCA, Bendix 
and North American Aviation. His 
principal experience is in the fields of 
radar and missile electronics. 


William Olander has been named 
leader, technical staff, at the Needham 
Materials Laboratory. RCA Semicon- 
ductor and Materials Division, Needham 
Heights, Mass. In this position, he 
will be responsible for all applications 
engineering at the Needham plant. Mr. 
Olander joined RCA after a_ career 
in metallurgy and _ ferromagnetics. 
Since early 1958. he has been associated 
with Bell Telephone Laboratories 
where he was engaged in work on mag- 
netic devices used for computer memory 
applications. 


Tullio Tognola has been named an 
assistant director of engineering for 
the Scintilla division of Bendix Avia- 
tion Corp. Mr. Tognola has been with 
Bendix since 1929 and became chief 
research engineer in 1939, being re- 
sponsible for all research and develop- 
ment on reciprocating. jet and missiles 
ignition systems, as well as various 
types of ignition, vibration and jet 
engine analyzers. 


Robert B. Shulters has been appointed 
director of engineering at the Aurora, 
Ill.. works of Thor Power Tool Co. Mr. 
Shulters started his engineering career 
with D. W. Onan and Sons, Ine., 


manufacturer of electric generators. 


Centralab, a division of Globe-Union, 
Inc.. has named Vernon A. Kamin chief 
engineer for the newly-organized man- 
ufacturing engineering department. Mr. 
Kamin was identified with design and 
engineering activities at Motorola, Du- 
Mont and RCA, which led him to 
establish his own electronic manufac- 
turers’ consulting business in Illinois. 


Appointment of Arnold B. Shafritz 
as chief systems engineer of Auerbach 
Electronics Corp., Narberth, Pa., has 
been announced. He was _ formerly 
head of the logic section of the Bur- 
roughs Corp. Research Center. 


Hi-G, Inc.. Bradley Field. Windsor 
Locks, Conn., manufacturer of herme- 
tically sealed relays. has appointed J. 
A. Garratt chief engineer. Mr. Garratt 
was formerly with Thomas A. Edison 
Co., having served there as chief 
product engineer of the Instrument 
Division. 


The Ramo-Wooldridge Division of 
Thompson Ramo Wooldridge Inc., Los 
Angeles, has announced the addition of 
two engineers to its staff. John M. Salzer 
has joined the technical staff of the 
vice president, engineering. Dr. Salzer 
was formerly director of systems at the 
Magnavox Research Laboratory. Harold 
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The Reid Brothers Company, Ine. installs Cutler-Hammer 
Motor Control on their Reid-O-Matic Model 824 Surface 
Grinding Machine. Fuily automatic grinding controls cut set-up 
time, improve production efficiency. 


The York Corporation, subsidiary of Borg-Warner 
Corp. provides Cutler-Hammer Control on the Turbopak 
Centrifugal Water Chilling System. The completely 
integrated Turbopak system simplifies installation, 


maintenance, and operation 


\ 
The Index Machine Company's 


1utomatic vertical milling of 


/ 
/ \ 
j \ 
/ . 
Vertical Milling Machine features F h 0 i C f th % 
a geared dividing head for ou . / \ 
e / \ 
\ 


spiral forms. Cutler-Hammer 


Motor Control is featured 9 j CUTLER-HAM a) a 


as standard original - oa 


aesleueet aes | | = CONTROL 


\ .., the mark of better ’ 
3 machines =” 


The proper performance of any machine requires 
dependable, trouble-free service from the motor 
control which directs and protects it. This is why 
leading machinery builders use Cutler-Hammer 
Control. Itinstalls easier... works better... and 
lasts longer. 

For prompt attention to your control require- 
ments write Dept. U231, Cutler-Hammer inc., Mil- 
waukee 1, Wisconsin 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee. Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, 
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‘Moaduring up to 


CUSTOM SPECS... 


rT 


i 


4 oie rr. 10 Stranded 3 Siranded 7 Stranded 10-Fiexible tin- pee ie TT Mea.) 
tinned copper tinned copper tinned copper es ea he se! conductors— copper conductors. 
conductors conductors conductors conductors. Pea il Color code vinyl. 
Cotor coded Cotorcoded laid paratiet Vinyl! plastic combination cot- Tinned copper 
ete AamE Sh viny! insula Color code insulated, in- CMe ts Pte oe shielded twisted 
Jute titted ord) Cabied polyethylene dividually col- ome ula ee el pair; others cabled, 
cotton served around poly insulation or coded cot- or code viny! in- cotton served. iIn- 
with tinned ethylene insu Overall tinned ton braided. Cat Jute filled, ner vinyl! jacket, 
a | Pe copper spiral Cabled with cotton served tinned copper 
Clear poty jacketed coax shield, vinyl overall vinyt overali vinyl Pa ae ee 
ethytene Cotton filled, ea tal ria tad ela tls outer vinyl! jacket. 


fea ta ST ae a 


What are your customer cable specs? Are they exacting, unusual? 
Do they require special ingenuity and engineering? If your 
answer is “yes”, your next move is to Phalo. 

PHALO ENGINEERED PRODUCTS: INSULATED WIRE 


AND CABLE, CORD AND CORD SET ASSEMBLIES, 
CUSTOM PLUGS, TUBING, WIRING HARNESSES, ETC. 


Complete Product Data and Sales Service Information On Request 


530 BOSTON TURNPIKE 


PLASTICS CORPORATION 
SHREWSBURY, MASSACHUSETTS 


LS ade k 


Representatives in Leading Cities Throughout The U.S. A. 
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J. McCreary, u Fellow of the AIEE, 
was formerly senior project engineer 
at General Telephone Laboratories. 


Lawrence Saper has been appointed 
director of engineering for the Eastern 
Division of Acoustica Associates, Inc.., 
Plainview, N.Y. Mr. Saper was pre- 
viously associated with Bogue Electric 
Manufacturing Co., where he was 
assistant vice president and director 
of research and development. 


Charles E. Shinn has been named 
director of research and development 
for Royal McBee Corp., Port Chester, 
N.Y. Mr. Shinn joined Royal McBee 
in 1957 as manager of the development 
engineering department after associa- 
tion with Burroughs Corp. and RCA. 


Raymond C. Allen has been appointed 
manager of engineering at General 
Electric’s Instrument Department in 
West Lynn, Mass. Mr. Allen was 
formerly project manager at the depart- 
ment and joined the company in 1942 
as a test engineer. 


Kenneth H. Kingdon, one of the pio- 
neers in the field of atomic energy, has 
retired after 39 years on the staff of the 
General Electric Research Laboratory, 
Schenectady. Leslie C. Cook has been 
named manager of the Project Analysis 
Section of the General Electric Re- 
search Laboratory, succeeding Dr. 
Kingdon. 


Wladimir Reichel, chief of basic 
design, Norden Division, United Air- 
craft Corp., has been appointed engi- 
neering manager of the Ketay depart- 
ment. Mr. Reichel has been active in 
the field of developing control com 
ponents and aircraft instruments. 


Arthur M. Ross and George L. Sansbury 
have joined the engineering laboratory 
of Hughes Aircraft Co., Tucson, as 
senior members of the technical staff. 
Dr. Ross joined Hughes from Gould- 
National Batteries, Inc., where he was 
associate director of research. Prior to 
joining Hughes, Mr. Sansbury headed 
his own engineering organization in 
Indianapolis. 


Henry Rixford, formerly chief engi- 
neer of the Simplex Time Recorder Co., 
has been appointed project engineer 
for Stromberg Time Corp., Thomaston, 
Conn. Mr. Rixford will be responsible 
for Stromberg’s development and design 
of all time-equipment products, includ- 
ing carrier-current equipment and mas- 
ter controls. 


Clarence Zener, director of the West- 
inghouse Electric Corp. research labo- 
ratories in Pittsburgh, Pa., has been 
elected to membership in the National 
Academy of Sciences for “distinguished 
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AIR MOVING 
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Bulova is a huge manufac- 
turing facility which in- 
cludes the Bulova Research 
& Development Labora- 
tories, the Electronics Divi- 
sion, and five precision 
manufacturing plants. 
Under single-management 
control, this proven capa- 
bility is ready to supplement 
your program — either in 
R & Dor in production. 
Experience in precision 
design and precision manu- 
facture is the Bulova tradi- 
tion, the Bulova capability. 
It has been for over 80 
years. For information write: 
A Bulova, Industrial and 
j Defense Sales, 62-10 Wood- 
N side Ave., Woodside, N.Y. 


to delivering the product. . .its BULOVA 


MULE if, 


—s ae amen we Sevens a 
av “" y 

A 4 

: 
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»»- WHERE PHOSPHOR BRONZE !S THE MAIN LINE-NOT A SIDELINE 


214 


REJECTS 
VIRTUALLY 
ELIMINATED 


.. With Miller Phosphor Bronze 


A manufacturer of electrical controls was plagued 
by two problems in the production of this refrig- 
eration control bellows component: Rejects of the 
part were excessively high—as much as 45%—and 
chemical action of the refrigerant created a cor- 
rosive film which impaired accuracy of operation. 
The company’s own metallurgists specified a phos- 
phor bronze alloy to meet these problems. But 
only Miller had the special skills necessary to 
actually produce this tailor-made metal. Now, 
phosphor bronze by Miller has reduced rejects to 
the absolute manufacturing minimum—and effec- 
tively resists chemical action. Miller specializes in 
tailor-made phosphor bronze alloys...to solve 
your toughest production problems. At Miller, 
Phosphor Bronze is the main line not a side line. 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 
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and continued achievements in original 
research.” Dr. Zener was one of 30 
American scientists named to the 
Academy during its 96th annual meet- 
ing. Dr. Zener’s contributions to science 
have been in the field of solid-state 
physics. He is the author of the Zener 
theory of ferromagnetism and of the 
Zener effect in semiconductors. 


Tru-Ohm Products Division of Model 
Engineering and Manufacturing, Inc., 
Huntington, Ind., has announced the 
appointment of Tom Wright as chief 
engineer. 


Company Briefs 


Kearfott Company, Inc., Clifton, N.]J.. 
a subsidiary of General Precision Equip- 
ment Corp., has formed a Power Equip- 
ment Division engaged in the design 
and manufacture of rotating and static 
power supplies, associated control 
equipment and related power and con- 
trol apparatus. Equipment will be pro- 
duced for military and commercial ap- 
plications. 


Halex, Inc., E] Segundo, Calif., a new 
corporation in the field of molecular 
electronics, is specializing in the proc- 
ess of depositing thin films of conduc- 
tive, semi-conductive and resistive sub- 
stances to form electronic circuits. 


The Hewlett-Packard Co., manufac- 
turers of electronic measuring instru- 
ments in Palo Alto, Calif., has acquired 
all outstanding stock of Boonton Radio 
Corp., Boonton, N.J. Boonton Radio, 
now a wholly-owned subsidiary, de 
signs and manufactures signal gen- 
erators and similar instruments. 


Fluorocarbon Products, Inc., division 
of United States Gasket Co., has become 
a production department of the parent 
Garlock Packing Co. Garlock has estab- 
lished a special electronic products de- 
partment to integrate its proprietary 
line of packings, gaskets and _ seals 
with the Fluorocarbon Products line. 
Products formerly sold under the name 
Fluorocarbon Products, Inc., will now 
be sold as Garlock Electronic Products. 


Guardian Electric Manufacturing Co. 
of California, Culver City, Calif., has 
purchased Electro Switch and Controls, 
Inc., 5755 Camille Ave., Culver City. 
Guardian will continue to make Electro 
Switch products, while its own relays, 
other components and special controls 
for aircraft, missile and industrial prod- 
ucts will now be available from the 
west coast plant. 
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AUTO-LITE. OFFERS ONE-STOP SERVICE 
WITH THE COMPLETE LEAD WIRE LINE 


or - 


SILICONE Fs, 
RUBBER 


Silicones operate successfully where 
natural rubber and plastics break 
down. Available in many formula- 
PUM eat a Ree a 


tions and sizes. 80 90 105 
ae ee) 


pes 


VOLTAGE RATINGS 
600 V, 1000 V, 3000 V 


5 
ae 
s Aus 

Ps. 
CLASS A, B, F, 
and H MOTORS 


pe a 
APPLICATIONS 


PVC FILMS 


(polyvinyl chloride) 


Uniform quality plastic insulation 
for temperatures from —65° C to 
105°C. Offered in many formulations. 


Auto-Lite offers complete service 
for all your lead wire needs 


Fast delivery from the warehouse, fast service 
on your wire problems from America’s finest 
wire research laboratory. This ultra-modern 
laboratory is completely equipped to perform 
all qualification tests of wire for military speci- 
fications. These facilities are also available to 
solve your problems quickly and efficiently. 


AUTO-LITE 


GENERAL PRODUCTS GROUP 
WIRE AND CABLE DIVISION * TOLEDO 1, OHIO 


Plants at: Hazleton, Pennsylvania « Port Huron, Michigan 
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ACRYLIC 
TAPES 


Auto-Lite acrylic-coated glass tape 
insulation offers added protection 
under severe conditions. Unaffected 
by common refrigerants and most 
solvents. 


TEFLON* 
FILMS 


For continuous operation from —65°C 
to 200°C. Available extruded or 
taped in a choice of colors. 


*DuPont registered trademark 


ANY QUESTIONS? Our new 
Wire Research Center will 
give you quick answers to your 
wire problems. Write today for 


full information. 


Listen to NBC “NEWS ON THE HOUR" brought to you 
by Auto-Lite, Monday through Friday, 7 a.m. to 11 p.m. 


AUTO-LITE General Products Group 
Wire & Cable Division 
Toledo 1, Ohio 


Please send wire catalog 


Name 
Company 
Address 


City and State 





i il Engineering 
ping a8 MD Standards 


Single coil, instead of two. Ideal for con- 
Ss, appliances, positioning devices and other 
ications where opposite switching is 


d each time circuit is pulsed. Con- 
combinations up to 4 “C”. AC or DC, 


NEMA Standards 
The following NEMA Standards Pub- 


lication has been revised and replaces 
| IC 1-1954: 

IC 1-1959, Industrial Control, $6.00. 

The standards have been revised 
to bring them into conformance with 
present-day practices and the book has 
been rearranged to facilitate its use. 
The devices considered in the pub- 
lication are limited to those used for 
the control of motors or other power 
utilization apparatus which is rated 
at not in excess of 750 volts d-c or 
5000 volts a-c. 

The revised standard may obtained 
from National Electrical Manufac- 
turers Association, 155 E. 44 St.. New 


York 17, N. Y. 


Ferrite Memory-Core Standards 
A standard for memory cores has been 
released by the Ferrite Manufacturers 
Association, a trade division of the 
Metal Powder Industries Federation. 

The standard is designated as: 
29-59, Magnetic Specification and 
Inspection for Ferrite Cores used in 
Zid Coincident-Current Memmory Systems. 
iType M, General-Purpose Relay H | 506. | iba 
Suitable for a multitude of light duty application |, Terms used in conjunction with 
: - . a ee e cores are ae ec > oa aara, 
Compact size, lightweight. Good ~~ and positive In addition, current pulses are de- 
contact pressure. Contact combinations up to 3 “Cc”. scribed and pulse test equipment is de- 
Available open, or in plastic dust covers with plug-in tailed along with pulse properties for 
feature. AC or DC. 5 core evaluation and specification. The 


Ep 
a 


Sut standard concludes with specifications 


for magnetic inspection quality levels. 

Copies of the standard may be ob- 
tained from Ferrite Manufacturers As- 
sociation, 60 E. 42 St.. New York 17, 
mi ee 


We specialize in supplying relays COMPLETE 
D ¥ ENGINEERING, 


for a wide range of requirements. | MANUFACTURING, S 
5 SEALING FACILITIES, 00 evi ews 
= ALL IN ONE PLANT 


Send for catalog 


Symposium on Materials Re- 
search Frontiers. Presented at the 
Sixty-firsts ASTM Annual Meeting, 
June 1958. American Society of Test- 
ing Materials, 1916 Race St., Phila- 
delphia. 48 pages. price $2.00. 

Subjects covered in this 6 x 9, hard- 

cover book are: “Materials in the 

Nuclear Age.” “Modern Liquid Fuels,” 

RELAYS e SOLENOIDS COILS SWITCHES e HERMETIC SEALING “Advances in Physical Metallurgy” and 


ELECTRIC COMPANY, 3349 Addison St., Chicago 18, Ill. 
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Solve Your Adjustable Speed Problems 


with 
this 
Combination 


AJUSTO-SPEDE. 


le your problem is in the field of speed 
control, tension control, power transmission, or 
testing, Dynamatic Eddy-Current Equipment is the 


ideal solution. Dynamatic Ajusto-Spede Drives, 


Couplings, Brakes, and Dynamometers are solving 
these problems in virtually every industry—in both 


plant machinery and end product applications. 


Dynamatic equipment can do the same for you. 


The New Quill-Type Ajusto-Spede 
Drive provides controlled adjustable 
speeds for applications from 1, HP 
through 7!/, HP. Together with the new 
K-2 Electronic Control and push-button 
station, this new Ajusto-Spede Drive 
comprises a compact, low-cost, 3-unit 


drive package. 


Send for Illustrated Descriptive 
Literature Covering New Models 
ACM-903 and 904 Ajusto-Spede Drives 


@&) * When You See the Name Ajusto-Spede You Know it’s an Eaton Product 


EATON 


PIONEER IN EDDY-CURRENT EQUIPMENT 


OCTOBER 1959 


Ajusto-Spede Drives and other Dynamatic units 
offer the important advantages of rapid response, 
wide speed range, quiet operation, low power loss, 
low maintenance costs, and stepless adjustable speeds 
from an AC power source. 

For complete information about Dynamatic 
problem-solving equipment, check with your local 


Eaton-Dynamatic representative or distributor. 


e dddbddadid 


Red tint indicates 
adjustable speed member. 


DYNAMATIC DIVISION 


MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE « 


KENOSHA, WISCONSIN 
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GENERAL CABLE “Developments in Glass Research.” 


“Tailoring the Properties of Materials” 


§ te line of (frontiers in polymer chemistry, mole- 
& comp e cular engineering, glass technology, 


metals and instrumentation) is the in- 


troductory paper. 

Symposium on Radiation Effects 
on Materials, Volume 3. Pre- 
sented at the Sixty-first ASTM An- 


nual Meeting. June 1958. American 


Society of Testing Materials, 1916 
Race St.. Philadelphia. 164 pages, 
price $4.25. 

This book is directed to those who are 


concerned with nuclear power, radia- 


, led G tion shielding, or design of nuclear fa- 
Long experience in the manufacture of magnet wire has enabled General cilities. The first section is devoted to 


Cable to develop the industry’s widest range of both returnable and non- a paper on dosimetry techniques for 
returnable containers of all types. Designed to meet widely varying radiation fields. while the second sec- 
customer demands, they insure safe delivery and facilitate use of the wire tion concerns radiation facilities and 
at the lowest possible cost to you. No matter what magnet wire packag- techniques (four papers). The last sec- 
ing problem you have, consult General Cable... they have the right tion is composed of seven papers on 
packaging for you radiation effects. 
Handbook Preferred Circuits, 
Navy Aeronautical Electronic 
Equipment, NAVAER  16-1-519, 
STAR-PAK PAIL and DRUMS Supplement No. 1, 106 pages, price 


Non-Returnable, No Deposit 60¢. (Order from Superintendent 


ie Wine en eek tee of Documents, U. S. Government 
rence 29 AWG. a ay rae 8 Printing Office, Washington 25, D.C.) 


#30 STAR-PAK drum, weight 450-600 Ibs., for size 13 eee This first supplement to “Preferred 
through 22 AWG. —_ 


#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 ; : ; 
through 22 AWG. 9 vn circuits, two regulators, two high-volt- 


STAR-PAK pails and drums are palletized for ease of age supplies. a pulse afe and a silic n- 
handling. transistor video amplifier. Schematics 
of each circuit are provided, together 


Circuits” includes five instrument servo 


with characteristics permitting ready 
selection and construction; successive 
pages explain use and design methods. 

The original one-volume handbook, 
NAVAER 16-1-519 (price $1.75) was 
made available by the National Bureau 


SPOOLS and REELS , of Standards and the Navy Bureau of 
New, Non-Returnable Aeronautics in 1956. 


i Semi- 
Rugged, plastic one-way shippers for finer size magnet Semiconductor Abstracts. Semi 


wire, 31 through 44 AWG. Available in 6, 4/2 and 3” f ee conductor Information Service. 238 
diameters. Hardboard 12” reel available for larger or Main St.. Cambridge 42, Mass. 
size wire. Both returnable and non-returnable 12” reels ef | (abstracts on cards). 


ore palletized for shipment. i 3 ; 
The abstracts are organized according 


to subject matter with cross referenc- 
ing. Subject and author indexes are 
provided. The abstracts cover over 200 
technical periodicals, conference pa- 
pers, new product releases and U.S. 
patents. The cards are available with 
Payout Equipment General Cable also has available a com. any or all of the following categories 
plete line of accessories used in the take off of wire from STAR-PAK pails and drums included: Physics of Semiconductor 
or in spinning wire from reels and spools. Materials; Metallurgy of Semiconduc- 
tor Materials; Theory and Fabrica- 
tion of Transistors; Circuit Applica- 
tions; Other Semiconductor Devices 
GENERAL CABLE CORPORATION (Diodes. Photo-Devices. etc.). 
730 Third Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast 


RS Postcard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on 

* New Components and Materials 
for quality and service * Literature for the Design Engineer 
G Ee ee ce r< ee = * Feature Article Reprints 
* Advertised Products 
--- Specify AL CABL 
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The Porter line of silicone tapes for Class H and Class B 

insulation gives you the widest selection now available. 

® Unvulcanized, semi-vulcanized, and self-bonding silicones 
Cee SILICONE TAPES are calendered on square-cut glass cloth, bias-woven glass 
cloth, or “Dacron’’-and-glass, depending on your needs. 

Extruded and calendered unsupported tapes are available 


® 
th d t 7 to you in rectangular or triangular shapes, cured, semi- 
aes @ in us ry S cured, or self-fusing. 


These materials, used singly or in combinations, are 
e designed to provide you with degrees of elongation, dielec- 
most complete line tric strength, and other properties for all winding needs. 
Get full information on Porter Silicone Tapes by writing 
Thermoid Division, H. K. Porter Company, Inc., Tacony 
& Comly Sts., Philadelphia 24, Pa. 


THERMOID DIVISION Uy H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products -THERMOID DIVISION; Electrical Equipment-——DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; 

Specialty Alloys—RIVERSIDE-ALLOY METAL DIVISION; Refractories—REFRACTORIES DIVISION; Electric Furnace SteelCONNORS STEEL DIVISION, VULCAN-KIDD STEEL Divi- 

SION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY de MEXICO, 
S. A.; and in Canada, Refractories, “Disston” Tools, “Federal” Wires and Cables, “‘Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD 


OCTOBER 1959 Circle 206 on page 17 219 





MINOXO 
INDICATOR 


SUPER-SENSITIVE 
DEOXO INDICATOR 


for detection 
and measurement 
of oxygen or hydrogen 


impurities in other gases 


MINOXO INDICATOR ... measures traces of 
molecular oxygen in other gases—from 1 to 10 
parts per million, and from 1 to 100 PPM. High 
sensitivity and rapid speed of response enable it 
to be used for laboratory investigation and pro- 
duction quality control. 

SUPER-SENSITIVE DEOXO INDICATOR... 
measures Oxygen or hydrogen present as impuri- 
ties in other gases—from 2 to 200 parts per million 
oxygen and 4 to 400 parts per million hydrogen. 
Dual range permits measurement up to .25% 
oxygen or .50% hydrogen. Send for literature. 


CHEMICAL DIVISION * 113 ASTOR STREET 
NEWARK, N. J. 


Circle 207 on page 17 


CHEMICAL. 


40 5060 


THERMOMETAL' for 


dependable temperature, 
electrical current and 


voltage control applications 


® 
THERMOMETAL 


Leading manufacturers depend upon the out- 
standing performance of Thermometal in elec- 
trical appliances, thermal cutouts, heating con- 
trols and many other applications involving the 
indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is 
supplied in strip form, rolled and slit to close 
tolerances and tempered to specification. Ther- 
mometal elements and sub-assemblies are also 
supplied to specifications, with or without con- 
tacts attached. Send for literature. 


H. A. WILSON DIVISION * U.S. HIGHWAY 22 
UNION, N. J. 
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H. A. WILSON 


ali WRITE FOR LITERATURE Weaver 


DOMESTIC DIVISIONS AMERICAN PLATINUM & SILVER DIVISION, AMERSIL QUARTZ DIVISION, BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER SETTING DIVISION, 
HANOVIA LIQUID GOLD DIVISION, IRVINGTON-BAKER 
INSTRUMENT DIVISION, RESEARCH AND DEVELOPMENT DIVISION, H. A. WILSON DIVISION 
ENGELHARD INDUSTRIES OF QUEBEC, LTo MONTREAL, ENGELHARD INDUSTRIES, 
MELBOURNE, SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S. A 
ASBOGIATED COMPANIES: acme TIMBER INDUSTRIES LTD., 
CHARLES ENGELWHARD, INC., NUCLEAR CORP OF AMERICA InNc., 


BAKER PLATINUM DIVISION, CHEMICAL DIVISION, EAST NEWARK INDUSTRIAL CENTER, HANOVIA LAMP DIVISION, 
REFINING DIVISION, D. E. MAKEPEACE DIVISION, NATIONAL ELECTRIC 
COMPANIES ABROAD! ENGELHARD INDUSTRIES OF CANADA, LTD. TORONTO, 
LONDON, ENGELHARD INDUSTRIES A. G. ZURICH, ENGELHARD INDUSTRIES PTY., 
INDUSTRIE ENGELHARD S.P. A. ROME, ENGELHARD INDUSTRIES OF SOUTHERN AFRICA, 
SOUTH AFRICAN FOREST INVESTMENTS LTD., SOUTH AFRICA, AZOPLATE 


JOHANNESBURG 
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for every application 


Here, you will find a thoroughly dependable 
source for fine wire of ductile and non-ductile 
materials for every application. Special processes 
have been developed for bare drawing wire as 
fine as .0004”. Where smaller fine wire is re- 
quired, the Wollaston Process for ductile metals 
and the Taylor and Extrusion methods for non- 
ductile materials are employed. All standard fine 
wire requirements are stocked for prompt deliv- 
ery. Full facilities are available for the production 
of fine wires made to your own specifications. 


BAKER PLATINUM DIVISION * 113 ASTOR STREET 


NEWARK, N. J. 
Circle 209 on page 17 


BAKER 


PLATINUM 
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gold and rhodium plating 
for corrosion-resistant 


ATOMEX® is a 24k gold immersion solution that 
permits the deposition of a thin, dense, uniform 
layer of 24k gold on printed circuits and metal- 
lized plastics by means of a simple bath. The 
Atomex procedure is more permanent and less 
expensive than electroplating of comparable 
thickness. Costly analytical control is unnecessary. 

Rhodium—a complete line of plating solutions 
are also available for high-reliability electrical 
and electronic applications. Rhodium is highly 
resistant to corrosive atmospheres, oxidation and 
arc erosion—reduces wear on moving surfaces 
assures low noise level for moving contacts, no 
oxide rectification, low and stable contact resist- 
ance. Rhodium plating is indicated when a low- 
resistance, long-wearing, oxide-free contact is re- 
quired. Send for literature. 


CHEMICAL DIVISION * 113 ASTOR STREET 


NEWARK, N. J. 
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Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
ManuFActurinc, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ExectricAaL MANuFAC- 
TURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the 
Reader Inquiry Service Section be- 


Effects of Temperature on Magnetic Core 
Materials, October 1959, 8 pages. Pri- 
mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic ampli- 
fiers, relays, servomotors, etc. in 
military applications. Measurements 
include d-c magnetization curves, 
initial and maximum permeabilities, 
plus a-c and d-c values of “square- 
ness” ratio, remanence, saturation 
magnetization aud coercivity for L- 
Silectron, Transformer-A, 11.7 and 15.5 
Alfenol, 3 Mo Thermenol, Super- 
mendur, 7-70 Perminvar, Orthonol, 
AEM 4750, 4-79 Mo Permalloy. (710) 


The Four-Bar Linkage as a Function 
Generator, October 1959, 9 pages. 
Advantages of the four-bar linkage as 
a computing and control element are 
outlined, with examples of both graphic 
and analytical methods of linkage de- 
sign and evaluation. (742) 


Core Factors in Magnetic Switch Per- 
formance, October 1959, 4 pages. In 
“rectangular”-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 
sating for magnetic variations are 
presented. (732) 


Silver and Silver Alloys—Properties and 
Design Applications, October 1959, 6 
pages. Silver and silver alloys are dis- 
cussed from their position as important 
design materials in electrical and elec- 
tronic devices and equipment. Inherent 
characteristics such as electrical con- 
ductivity, corrosion resistance, fabric- 
ability and reliability are explained. 
Tabular data are provided and appli- 
cations are summarized. (716) 


Determination of Electrical Resistance of 
Metal Parts, September 1959, 6 pages. 


222 


ginning on page 17. Readers should 
circle those numbers which correspond 
to the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 


1 Gratis 
5 $2.00 
10 3.50 
25 7.50 


A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design. 
Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total resist- 
ance of circular cross-sections of 


metals. (709) 


Engineered Cooling Cuts Equipment 
Bulk, September 1959, 10 pages. The 
essential theory and key design con- 
cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (ELECTRICAL 
MANUFACTURING, April 1959—see also 
Basic Science Reprints page in this is- 
sue). The present article, by the same 
author, projects these principles into 
specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 
assemblies and enclosures. (713) 


Joint Factors in Stacked Magnetic-Core 
Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 
other effects in stacked cores are 


presented. (740) 


The Shock Spectrum: a Means of Stating 
Mechanical Shock Requirements, Au- 
gust 1959, 8 pages. The use of shock 
spectrum instead of pulse shape to 
specify shock-test requirements. A dis- 
cussion of the instrumentation and 
other considerations involved in this 


(741) 


new approach. 
Air Filters for Electronic Equipment, 
August 1959, 4 pages. The selection 


and application of mechanical air filters 
for use in the cooling systems of 


electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (711) 


Fluorochemical-Vapor Cooling Tech- 
niques in Electronic Equipment, Au- 
gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 
ment are investigated and presented. 
Supporting data in the form of charts, 
tables and mathematical formulae are 
given. (718) 


Relay Test Code Advanced, July 1959, 
10 pages. The gist of relay design 
and application discussions at the 
Seventh National Conference on Elec- 
tromagnetic Relays. Many of the 
technical papers and the reports of 
the NARM Relay Test Code com- 
mittees are summarized. (708) 


D-C Torque Motors for Servo Applica- 
tions, July 1959, 6 pages. Use of the 
torque motor, a type of electromagnetic 
tranducer, has grown rapidly in the 
last few years. Theory of operation 
and notes on application of commer- 
cially available units are given. (726) 


Construction and Use of Alignment 
Nomograms, June 1959, 5 pages. The 
advantages of alignment nomograms 
over Cartesian curves for many en- 
gineering purposes are related. Specific 
procedures for constructing alignment 
charts are outlined, with supporting 
examples being given. (731) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components, June 1959, 
5 pages. A review of major types of 
pressure-sensitive electrical tapes, with 
emphasis on new tape materials and 
their effect on application problems. 
Areas of application are summarized 
and test methods listed. (703) 


Clad and Laminated Metals—Their De- 
sign Potentials, June 1959, 7 pages. 
Presented are examples of areas of 
application of combined metals. Com- 
binations by cladding and laminating 
give, for certain applications, a su- 
perior product which yields the best 
properties of each constituent metal. 
Treated in this article are the precious 
and rare metals, aluminum, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 
supported by graphs, charts and 
illustrations. (707) 


How to Specify Insulating Varnishes 
For Equipment Reliability, May 1959, 
6 pages. Major insulating varnish 
types are identified, their properties 
and application areas evaluated, and 
compatibility with other elements of 
electrical systems analyzed. Emphasis 
is given to insulating varnishes as key 
components in designing insulation 
systems for optimum equipment life 

(Continued on page 225) 
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variable transformers 


i 
SERIES 


NO INCREASE IN PRICE! 


NO INCREASE IN SIZE! 


POWERSTATS of the new 10B Series incorporate the most 
up-to-date variable transformer design refinements to pro- 
vide the highest ratings and performance characteristics in 
their price and size range. Separate ratings are given for 
constant-impedance and constant-current loads to permit 
maximum utilization of the POWERSTAT. Features include a 
rhodium-plated commutator surface and space-saving core 
and coil design. Ruggedly constructed for long life and 
dependable service. Two- and three-gang assemblies are 
available for increased ratings and three-phase operation. 


SHAFT IS SLOTTED TO PERMIT TERMINALS DESIGNED TO PERMIT 
RATING CHART SCREWDRIVER ADJUSTMENT IF DESIRED ' USE OF PUSH-ON TYPE CONNECTORS, 


SOLDERED CONNECTIONS OR BOTH 


Boge? PERMANENTLY PRESS-FITTED 
CONSTANT CURRENT LOAD | CONSTANT IMPEDANCE LOAD " ie te , OGETHER 
VOLTS |CYCLES  vours MAX. AMPS. | MAX. KVA MAX. AMPS. | MAX. KVA ‘ t ‘ ¥ “eee 


SINGLE PHASE 


RHODIUM PLATED COMMUTATOR 

SURFACE GROUND AND POLISHED 
THREE PHASE FOR SMOOTH OPERATION 

AND LONG LIFE 


REDUCED THICKNESS OF BASE AND BRUSH ARM HUB MAIN. 
TAINS OVERALL HEIGHT TO MAKE POWERSTATS OF THE 108 
SERIES INTERCHANGEABLE WITH THE OLDER 10 SERIES 


ADAPTER KITS are available for mount- 


THE | ing potentiometers, rheostats, tap switches 


SUPERIOR ELECTRIC and other devices to operate in unison with 
‘ . POWERSTAT type 10B. If desired, complete 
assemblies are furnished with the device 


Bristol, Connecticut, U.S.A. already mounted. 


©1959, THE SUPERIOR ELECTRIC COMPANY 
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SERIES 


POWERSTAT 
variable transformers 
For control applications having 


... Up to 12.5 amperes constant-current loads 


... Up to 18.0 amperes constant-impedance loads 


TYPE 126 


This all-new series rounds out the complete POWERSTAT variable transformer 
line. The 126-226 series offers open, enclosed, fused, cord-plug and enclosed 
terminal models; single, two- and three-gang types; manually operated and 
5, 15, 30 or 60 second motor-driven assemblies — all available in a new, 
compact functional design. They incorporate the characteristics inherent in 
every POWERSTAT: zero wave-form distortion, excellent regulation, high 
efficiency, conservative ratings, smooth control and linear output voltage. 


RATING CHART 
OUTPUT 


CONSTANT CURRENT LOAD] CONSTANT IMPEDANCE LOAD 
VOLTS] CYCLES MAX. AMPS. | MAX. KVA MAX. AMPS.» MAX. KVA 
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THE SUPERIOR ELECTRIC COMPANY, Bristol, Connecticut 
Please send: 


POWERSTAT Bulletin POWERSTAT Bulletin Please have your 
on 10B Series. on 126-226 Series. representative call. 


‘ 
* 


N 
TYPE 126U 
TYPE 3PN126 


RHODIUM PLATED COMMUTATOR SOLID METAL SHAFT QUICKLY ADJUSTED TO 
SURFACE GROUND AND POLISHED ALLOW EITHER BENCH OR BACK-OF-PANEL MOUNTING 
FOR SMOOTH OPERATION AND 

LONG LIFE 


} } REMOVABLE COVER 
CORE STRIP WOUND i i PERMITS EASY ACCESS 
OF HIGH GRADE FOR BRUSH 
SILICON STEEL INSPECTION 


WIDE BASE FLANGE FOR 
ADDED STABILITY. TWO SETS SELF-LUBRICATED NYLON SHAFT BEARINGS 
OF MOUNTING HOLES TO SUIT PROVIDE SMOOTH, QUIET TURNING, 

NEW OR EXISTING LAYOUTS MORE DEPENDABLE SERVICE, LONGER LIFE 


.. FOR YOUR FILES 


Request 10B Series Bulletin and —- 
126-226 Series Bulletin giving full technical 
information, ratings and specifications. 7) 


the 


THE SUPERIOR ELECTRIC comrany 


Bristol, Connecticut, U.S.A. SE-L85910 





and reliability. (730) | 


Static Switching Today, May 1959, 9 at im iH C vat fay é ¥ 0 N 1] 7 2 Ss | ft) N 
pages. A survey of static switching as 


it is applied in machine control sys- | 
tems. Includes theory of switching | 
circuits and how various types of de- | 
vices are used. Units supplied by 
various manufacturers are also de- 


scribed. (714) 


Load Factors in Selection of Eddy- 
Current Drives, April 1959, 7 pages, 
The various forms of eddy-current 
couplings and brakes have particular 
characteristics. These, together with 
the nature of the mechanical load, 
must be considered in selecting drive 
components and electrical controls for 
a drive. Load and drive factors are 
discussed to illustrate drive selec- 
tion. (727) 


Editorial Index to Electrical Manufac- 
turing for 1958, 24 pages. This yearly 
subject-classified index is completely 
annotated. Includes an author index 
and reproduces the ELECTRICAL MANu- 
FACTURING Subject Classification and 
Alphabetical Subject Cross Index. (734) 


Progress in Micro-Module Development, 
March 1959, 8 pages. An ELECTRICAL 
MANUFACTURING Staff Report describ- 
ing significant accomplishments in the 
Signal Corps Micro-Module Program. 
Details of micro-element development | 
are given and preliminary modules and 
modular asemblies are illustrated. (736) 


Electromagnet Copper-to-Iron Ratio for 
Optimal Design, March 1959, 4 pages. 
The design of an electromagnet by 
analysis instead of by successive ap- 
proximation permits determining the | 
best ratio of copper to iron. Details of 
the method are illustrated using a 
continuous-duty d-c tractive magnet as 
an example. (720) These motor alternators provide close voltage and frequency regulation output over 
a wide range of input motor voltages, even in excess of 35 per cent. 
New Developments in Magnetic Ma- Made in 300 watt, 1200 watt, 2 kilowatt and 3 kilowatt sizes and for nominal 
terials and Applications, February input voltages of 32, 64 and 110 volts, these machines are self-ventilated, dripproof, 
1959, 13 pages. Design significance and of rugged design for long life service. 


of research progress reported at the Variati ; a ; ; 
> ae : : ariations of these machines, DC to DC, for similar wide ranges of input motor 
1958 AIEE Conference on Magnetism 9 P 7 


and Magnetic Materials for: computer 

elements, microwave components, per- Extremely desirable for For almost fifty years Safety has engi- 

manent magnets, soft magnetic alloys Radi ati : 

and new magnetic devices. (702) ¢ Radio and radar supply on DC ships peered and built an extensive line of 
and at remote defense installations. 


Depth recorders. 
¢ Communication equipment power lation devices. Literally thousands of 


voltage are also available. 


electrical rotating equipment and regu- 
Flexible Programming with Optical 
“Punched” Cards, January 1959, 6 
pages. An outline of the particular source. Safety motor alternators are in opera- 
control problems in stage and studio Fluorescent lighting from a DC 
lighting, with a description of the ad- source. 
vantages of new magnetic amplifier Closed circuit television and other railroad, marine and communication 


tion throughout the world in industrial, 


systems for these applications. Details electronic supply and military service 

are also presented of a versatile con- 

trol programming system using cards Write us giving size and voltage requirements and the proper bulletin will be sent to you. 
but still permitting flexible supervision 

by an operator. (733) 


Designing Optimum Inductors with oe 
Ferrite-Biased Gaps, January 1959 eT ELECTRICAL EQUIPMENT CORP. 


14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps per- FORMERLY ELECTRICAL DIVISION OF SAFETY INDUSTRIES. INC 


mit up to 78 per cent volume reduction 


of iron-cored inductors carrying asym- | EPA A ae Nt ee) 
metrical currents. Analysis and syn- 
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thesis procedures for iron (Audio A) 
or ceramic (Ferramic H) cores with 
ferrite gaps, air gaps or no gaps— 
depending on which is optimum for 
the specific case. (701) 


Perforated Storage Media, December 
1958, 9 pages. Survey of primary 
punched tape and card systems: early 
development, current media formats 
and dimensions, compatibility prob- 


lems, standardization progress, sources 

of perforated record equipment. A 

basic reference for engineers designing 

or integrating machine systems utiliz- 

bi IR IT TERMINATION BY ing punched cards or tape for pro- 
gramming or data storage. (705) 

>> Vv 7 Effects of Temperature on Magnetic 

Properties of Nickel-Iron Alloys, Nov- 

ember 1958, 5 pages. Normal magne- 
tization curves, saturation induction, 
remanence and coercivity measure- 
ments at both increasing and de- 
creasing temperatures in the —60 to 
+250 C range for: Hipernik V, Hiper- 


nik, Deltamax, Mo-Permalloy and 
Hymu 80. (721) 


Special Purpose Flexible Cord, November 
1958, 4 pages. Properties of flexible 
wire and cable materials are tabulated. 
Special cord designs for use in equip- 
ment required to operate in severe 
environments are described and _illus- 
trated. (735) 


Treating Transfer Functions on Analog 
Computers, October 1958, 8 pages. A 
description with examples of a method 
of applying the transfer function of a 
system to an analog computer to deter- 
mine the system output. Applicable to 
systems initially at rest or those with 
input conditions, the method takes ad- 
vantage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it to 
a mechanical schematic for the com- 
puter. (728) 


Magnetic Properties of Stainless Steels, 
September 1958, 5 pages. Practical 
tips on selecting a corrosion-resistant 
steel with particular magnetic (or non- 

: ; : : magnetic) properties for structural and 

Speed—amazing speed—is fundamental with AMP’s tool-and-terminal magnetic applications. Effects of heat 

technique. In fact, an A-MP automachine can turn out 4,000 terminations treatment and/or cold working on 

per hour. magnetic properties of martensitic, 
ferritic and austenitic alloys are re- 

viewed. (725) 


No extensive operator training is required. And, no large floor space— 
the bench-mounted Automachine takes up less space than an ordinary desk. 
It’s built for safety, built for speed, built for reliable production day after Ferrites for High-Power R-F Tuning, 


August 1958, 12 pages. The results of 
r > ; inale <« 7 319 ° . 
day. And A-MP Automachine terminals are made in a size and shape to a program for evaluating commercially 


fit every requirement with such features as corrosion resistance, vibration available ferrites for power tuning ap- 
° ° ° . ° icati - 7 > Te > 95 § 
resistance, and, if required, pre-insulation. Furthermore, actual costs of the plications in the range from 2.5 to 30 


> megacycles. Included are (1) magnetic 
AMP method are lower than any other method. permeability and Q as a function of 


Why not learn more about this world famous compression-attachment frequency, r-f flux and temperature: 
method? Send for our descriptive literature. (2) dielectric constant and Qp as a 
function of frequency and _ electric 

field intensity; and (3) recommenda- 

tions for specifications data to be 


A NI F j N cS oO Fe Fe oO Fe AT E D supplied by ferrite manufacturers. (715) 


5 ° z . Dynamic “In-System” Specifications for 
General Offices: Harrisburg, Pennsylvania Control Components, August 1958, 
A-MP products and engineering assistance are available through subsidiary 8 pages. The urgent reasons why the 
companies in: Canada * England « France * Holland * Japan | performance specifications for com- 
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AUTOMOBILES 


NS ONDITIONERS 
R s\O AIR C 
ADIOg ee 


T, 


COMPUTERS 


EVERYWHERE 


You won't have to look far to find an AMP-lok Multiple Circuit Connector. AMP-lok connectors have been used 
for the most diverse applications . . . for disconnecting multiple leads on—television deflection yokes, phono- 
graph turn tables, electric ranges, washer and dryer control panels, and automotive instrument panels. 


There are good reasons for the growing use of AMP-lok: It is available in 3, 4, 6, 9, or 12 circuit combinations. 
Attachment and assembly speeds run to thousands per hour. Uniform, reliable electrical characteristics are 
assured through AMP’s compression crimp method. Automated techniques reduce total installed cost. 


Versatility, reliability, economy and outstanding assembly speed—these factors explain why millions of AMP- 
lok connectors are being used everywhere. If you aren't using them for your circuit requirements, send today 
for more information 


ANIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia * Canada ¢ England « France * Holland « Japan 
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ponents to be used in control systems 
should include their dynamic perform- 
ance characteristics and define their 
in-system behavior and requirements. 
Examples of system characteristics of 
several important types of compo- 
nents are included. (723) 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. In- 
ternal standards for the electronic por- 
tions of machine control systems, 
prepared by the Plant Engineering 
Electronics Committee of General Mo- 
tors Corp., are offered for general in- 
dustry use in conjunction with the 
JIC Standards for Industrial Equip- 
ment (see Reprint 724). (722) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. Re- 
vised specifications for the application 
of electrical apparatus to welders and 
other industrial equipment, as adopt- 
ed by the Joint Industry Conference 
held in Detroit, March 1957. Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5—$3.75; 10—$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send check 
with order payable to ELecTRICAL 
MANUFACTURING, 205 East 42 Street, 
New York 17. (724) 


See also Basic Science reprints on 
page 230. 


PROOF 
that you can Postcard return forms are provided 


on page 17 as a convenience to the 
on j reader in obtaining— 


"6-32 THD. 
MODEL A Two-pole, shaded-pole motor 
= in various lamination thicknesses. 
roved dependable millions of times over, es aS . stuetele 
it's the power choice of the nation's great. ; New Components and Materials 


name manufacturers . . . setting an amazing ae ie Additional data from the sup- 
performance record in countless applica- ee i . . : 

tions from phonographs to kitchen fans to 7 plier of any item reviewed. 
pumps. If dependability is your aim, Model 

“A” is your motor! 


LOCKED MAXIMUM FREE 


TORQUE TORQUE SPEED Literature for the Design 
RPM ; Standard Engi , 
ingineer 


3360 s ° " . Shaft 
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Feature Article Reprints 

















Advertised Products 


Write today for catalog sheet and quantity-price quotations. More information on any prod- 


uct or service described. 
aa URS ae 


DEPT. GL ELYRIA, OHIO 
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REFERENCE 
TACHOMETER 


D-C MOTOR 


D-C DRIVES 
Tey 
PRECISE CONTROL . 


A-C MOTOR 


D-C GENERATOR 


Problem: How to obtain precise control 
of machine speeds without human direction 


Automation’s most important requirement—self- 
control—enables machines to process work con- 
tinuously with minimum human effort. This is why 
the trend to continuous automatic processing is a 
trend to direct-current drives. For d-c can best supply 
the precise regulation and self-control that enables a 
machine to correct its own errors without human 
direction. 

Feedback—the heart of automation—compares 
machine output with pre-established standards. 
Deviations are corrected automatically, instanta- 
neously. This is just one example of d-c’s modern 
capabilities. 


If you are seeking more automatic, lower cost 
means of production, it will pay you to investigate 
direct-current drives. A new booklet, ‘‘WHY D-C?”’, 
written for modern industry’s management team, is 
available to help you. For your free copy, write 
Section 829-4, General Electric Company, Schenec- 
tady 5, New York. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


SELECT FROM GENERAL ELECTRIC’S COMPLETE LINE OF D-C DRIVES 


MOTORS AND GENERATORS 


OCTOBER 1959 


POWER UNITS AND CONTROLS 


@eeeeeveeoeeeeee@ 
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Basic Science Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
(either in cash or check). Please 
include 3% City Sales Tax on orders 


Automatic Control System Design, 64 
pages plus cover. A practical textbook, 
complete as to theoretical detail, on 
the design of servomechanisms. In the 
process of describing design by trans- 
fer function, system equation, and root- 
locus methods, techniques of analysis 
such as Bode diagrams, Routh’s cri- 


for New York City delivery. Make 
checks payable to ELECTRICAL MANU- 
FACTURING, 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 
orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, the follow- 
ing prices (which include shipping 
charges) per copy apply: 


terion, and Nyquist plots are also pres- 
ented. Includes background material 
on complex variables and Laplace 
transforms, bibliography for further 
study. Originally published in Exec- 
rRICAL MANUFACTURING as a series of 
six articles. Written by Ira Ritow, Air- 
borne Instruments Laboratory. $3.00 


ORDER FORM 


Please enclose remittance (cash or check) with your order. 


No. of 
copies 


Automatic Control System Design 


Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 


Fundamental Properties of Plastics 


The Electric Field 


Fundamental Nature of Shock and Vibration 


Key to Metals in Design Engineering 


Heat Flow Theory . 


Fundamentals of Ferromagnetism 


Using Fourier Analysis in Design 


Introduction to Semiconductor Theory 


Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 


Slide Rule Mathematics 


Casting Resins and Application Techniques 


Total Copies | 


Total Order 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


NAME 


COMPANY 


ADDRESS 


CITY 


TITLE 


ZONE 


(Add 3% City Sales Tax for New York City delivery.) 


Reprint Title Quantity 
5 25 
Microwave Amplifiers $.90 
Digital Methods .90 
Properties of Plastics 90 
The Electric Field 90 
Shock and Vibration 90 
Key to Metals .90 
Heat Flow Theory 90 
Ferromagnetism 90 
Fourier Analysis 90 
Semiconductor Theory 90 


Pp 
1 
1 


ej a} a] a] a] ag =] @] =] = 


utourut out ur ut ot ut 


wg 


Automatic Control Systems 2.00 _ 
Boolean Algebra 1.80 1.60 
Slide Rule Mathematics 90 io 
Casting Resins LS 150 


Prices for larger quantities are avail- 
able on request. 


Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus 
cover. An engineer-oriented examina- 
tion of the basic quantum mechanical 
principles underlying the operation of 
paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid- 
state, three-level solid state and optic- 
ally pumped devices) and parametric 
MAVAR amplifiers (both semiconduc- 
tor and ferromagnetic types) plus a 
brief introduction to the tunnel-diode 
amplifier. Written by R. D. Haun, Jr., 
and T. A. Osial of the Westinghouse 
Research Labs. $1.00 


Digital Methods in Measurement and 
Control, September 1959, 20 pages 
plus cover. This review of digital tech- 
niques covers: (1) characteristics and 
advantages of the digital, or numerical, 
approach; (2) principles of 
coding, sampling and quantizing; (3) 
digital components and techniques for 
logic and information storage, includ- 
ing flip-flops, AND, OR, NOT, NOR Cir- 
cuits, comparators, memory devices, 
and relative characteristics of cores, 
tubes, transistors and relays; (4) 
digital measurement devices, including 
pulse generators, counters, voltage con- 
verters, proximity pickups and_posi- 
tion transducers; (5) digital control 
actuators. Written by Michael H. 
Nothman, Gilfillan Bros., Inc.. Los 
Angeles. $1.00 


basic 


The Fundamental Properties of Plas- 
tics, August 1959, 16 pages plus cover. 
The fundamental science of polymeric 
materials is related to design engineer- 
ing properties of plastics. Discussion 
covers: the molecular formation of 
polymers; the chemistry of addition 
polymers; the chemistry of condensa- 
tion polymers; the theoretical basis for 
mechanical, electrical and chemical 
properties of polymers. Bibliography 
and glossary provided. Written by 
Thomas D. Callinan, Research Center, 
International Business Machines Cor- 
poration, and Alex. E. Javitz, Special 
Features Editor, ELectricaAL MANu- 
FACTURING, $1.00 


The Electric Field (an Electrical Applied 
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Miaxitorg 


tape-controlled automatic turret lathes 


Five Maxitorq Series 9000 Electric Clutches 
are used in the all-new Potter & Johnston 
No. 3E-15 Tape-Controlled Automatic Turret 
Lathe. Four are used in the headstock to 
provide automatic spindle speed changes 
and a fifth is used as a master clutch in the 
feed drive. These clutches of advanced de- 
sign have PROVED their ability to assure 
consistent, positive and extremely fast ac- 
tion; essential to these machines. They trans- 
mit full load, are self-compensating for wear 
and permit great flexibility in control. 


With operation induced entirely by magnetic 
flux, Maxitorq Series 9000 Electric Clutches 
are well adapted to a wide range of machine 
tool drives. They are simple and rugged in 


design, require no adjustments, can be used 
either as a clutch or brake and are built to 
American Machine Tool Standards. Disc sep- 
arators not only separate discs, providing a 
drag-free neutral without heating, but also 
break up residual magnetism and permit 
extremely fast, positive action. 

The 9000 Series Clutches have a minimum of 
moving parts and the electrical operating 
unit remains stationary, hence, there are no 
brushes, slip rings or complex wiring. Maxitorq 
Clutches operate on 110 V. A. C. rectified to 
90 V. D. C. Other voltages on special order. 
If you have a clutch or brake application 
where you are looking for new and improved 
performance, bring your problem to us. 


Phone, wire or write Dept. EM for Series 9000 Bulletin. 


The Carlyle Johnson Machine Company, Manchester, Conn. 
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Specially designed with the 
APPLICATION in mind! 


TYPICAL EQUIPMENT LTRIC line of 


POWERED BEST BY 
BALDOR MOTORS BALDOR motors 


Blowers 
. No guesswork here! Now you can stop 


Fans fitting the machine to the motor. 


7 
Ventilators Famous Baldor Streamcooled Motors 
¥ 


Agriculture dryers, : cars 
cleaners, separators neered and designed to fit specific ap- 


featuring TEFC construction, are engi- 


* plications— your guarantee of getting the 
Conveyors 5 7 5 
one right motor that will deliver the 


¥ 
Woodworking power and performance to make your 
machinery 
- 


Abrasive saws i s , : 
(masonry & steel) There’s a highly trained and experienced 


equipment operate at top efficiency. 


* Baldor representative near you who will 
Pumps 


” 


Compressors to-the-job” type of engineering can help 


be happy to show you how this “‘tailored- 


* cut costs and improve the performance 
Machine tools : ; . 
of your equipment. Contact him direct 


or write to... 


ELECTRIC COMPAN Y 


4353 Duncan Avenue ° St. Louis 10, Missouri 
Over 500 Authorized Sales & Service Distributors in U.S. A. 
District Offices: Atlanta e Chicago Cleveland Dallas « Dayton « Des Moines « Detroit « Litchfield, Conn. 


Los Angeles ¢ Milwaukee « Minneapolis « New York e Kansas City, Mo 
Oakland « Philadelphia « Portland, Ore. e Syracuse 
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Physics Monograph), July 1959, 12 
pages plus cover. Contents include dis- 
cussions of the following: Electro- 
statics; Electric Fields in Free Space; 
Electric Induction; Capacitance; 
Mechanical Considerations; Field Ef- 
fects in Devices. Written by Paul G. 
Jacobs, Associate Editor, ELECTRICAL 
MANUFACTURING. $1.00 


The Fundamental Nature of Shock and 


Vibration: Theory, Character, and 
Mechanism of Damage, Principles of 
Testing, June 1959, 20 pages plus 
cover. The nature of shock and vibra- 
tion is given in terms of classical phys- 
ics and mechanics. The major types 
of vibration are discussed (periodic, 
random, structural and airborne); also 
the major types of shock (velocity, 
simple impulse, single complex and 
multiple). Combined environments are 
also treated. A section is devoted to 
the effects of shock and vibration on 
missile electronic components. Types 
of damage are tabulated and analyzed; 
principles of testing are given; speci- 
fications are summarized. Glossary and 
Bibliography included. Author is Dr. 
Irwin Vigness, Head, Shock and Vi- 
bration Branch, Mechanics Division, 
U. S. Naval Research Laboratory. $1.00 


Key to Metals in Design Engineering, 


May 1959, 24 pages. Basic principles 
of metallurgy are presented and struc- 
tural characteristics of metals related 
to design concepts. Physical and mech- 
anical properties of metals defined. 
The nature and specifications of metals 
are detailed for better understand- 
ing of current literature. The effects 
of environment and mechanisms of 
damage are illustrated. Iron and steel, 
alloys of aluminum, precious and rare 
metals, copper, nickel and magnesium 
are presented in their basic design re- 
lationships to fundamental properties. 
Written by S. H. Avner, N.Y.C. Com- 
munity College, and Harold E. Bar- 
kan, Associate Editor, ELECTRICAL 
MANUFACTURING. $1.00 


Heat Flow Theory, April 1959, 20 pages. 


A concise review of the major ana- 
lytical techniques developed over the 
years to solve heat flow problems. 
Basic equations for conduction, con- 
vection and radiation are derived. 
Dimensional analysis is used to estab- 
lish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 
data. Examples are chosen from elec- 
trical and electronic (transistor) appli- 
cations. Written by Allan D. Kraus, 
an electromechanical engineer at 
Sperry Gyroscope Company. $1.00 


Fundamentals of Ferromagnetism, March 


1959, 32 pages. A new approach to 
the study of magnetism, derived from 
modern solid-state physics. Explains 
magnetic behavior and properties of 
magnetic materials in terms of fun- 
damental electron interactions. In- 
cludes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic 
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LIMIT SWITCHES WITH 

1%” OUNCES SENSITIVITY... 
IMMUNE TO 

VIBRATION 


180° Adjustable Pre-travel 


National Acme Super-Sensitive Limit Switches provide 
the highest possible degree of controfreliability. Extremely 
compact, they are sensitive to forces as low as 1'2"’ ounces*, 
and yet have machine tool ruggednesg to withstand vibra- 
tion. Reliable, accurate service is assured throughout 
millions of contacts. 

For extreme operating flexibility, a simple cam adjust- 
ment lets you set 90° pre-travel anywhere within a 180° 
arc. The steel trip rod, available in lengths to 10’, is 
readily lengthened or shortened by a simple set screw 
adjustment; can be bent or welded for eaSy hook-up to 
other linkages. Correct contact pressure is easily set by 
a steel spring adjustment insuring split-second contacts, 
ten times normal switch life. Micro switch unites fully 
enclosed for lasting protection against dirt and moigture. 

Select from a complete line of National Acme Limit 
Switches for any control application. Write for Limit, 
Switch Bulletins containing detailed information stating 


your requirements. * at 10” 


National 


THE NATIONAL 


ACME COMPANY 
¢ me: E. 131st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N.J.; Chicago 6, Ill.; Detroit 27, Mich. 
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Materials; Magnetization Curves; Time 
Effects in Soft Materials; Effects of 
Atomic Ordering in Alloys; Interac- 
tions for Heterogeneous Systems; Mag- 
netic Materials of the Present and Fu- 
ture. Written by Anthony Arrott and 
J. E. Goldman of The Scientific Lab- 
oratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. In system and 
subsystem design, Fourier analysis per- 
mits the design engineer to design or 
select devices for a particular transient 
performance solely on the basis of their 
steady-state sinusoidal performance. 
A thorough theoretical background on 
Fourier analysis is presented plus a 
discussion of the areas of application 
with specific examples to point up par- 
ticular problems often encountered. 
Written by Ira Ritow, Airborne Instru- 


Need tough, uniform, accurate ceramic parts — ae — 
then it will pay you to talk to Wisconsin Porcelain Co. | Introduction to Semiconductor Theory, 


January 1959, 24 pages plus cover. 

A detailed discussion of conduction 

Wisconsin Porcelain parts can select porcelain, refractory, steatite processes in semiconductors written 
help you guard against profit-eating or filter body parts suited to your for the design engineer and presented 
production slow-downs due to de- requirements. as a basis for understanding the phy- 
; sical principles of operation of semi- 

Send a sample or blueprint. conductor components. Theory of so- 
Expert engineering assistance is You'll get a prompt answer on lids is presented, followed by a dis- 
yours for the asking to help you materials, prices, delivery. cussion of the qualitative aspects of 


semiconductors. P-N j tic and 
WISCONSIN PORCELAIN CO. © 115 Market St., Sun Prairie, Wis. ee er ae 


metal-semiconductor contact theory 
In the Chicago Industrial Area... Serving the is described and the effects of voltage, 
Electrical and Electronic Industries since 1919. temperature, and other external in- 
Circle 219 on page 17 fluences are analyzed. Transistor theo- 

ry is then presented. Written by Ruth 

lade — . nasil F. Schwartz, Research Division., Phil- 

co Corp. $1.00 


fective or irregular ceramic parts. 


send for the 
most widely used 


COMPENDIUMS 


Engineering Applications of Boolean Al- 

gebra, 68 pages. A design guide to the 

f analysis and synthesis of switching 

F oT Sh circuits and logic systems—both com- 

ALLI ED’S > ET; | binational and sequential—in any me- 

Sa dium: mechanical, electrical, hydrau- 

1960 CATALOG fe] lic, electronic or solid state. Includes 
. five previously published articles plus 

a never-before-published appendix. 

BUY AT FACTORY PRICES | Written by Boris Beizer, Airborne In- 
WORLD'S LARGEST STOCKS AT YOUR COMMAND 4 struments Laboratory, and Stephen W. 


Leibholz, Republic Aviation Corpora- 
tion. $2.00 
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specialists in the complete supply of: 


© Semi-Conductors © Special-Purpose Tubes e Controls, Resistors Five-Year Annotated Editorial Index to 
© Connectors © Test Equipment & Meters © Switches & Timers : Electrical Manufacturing, 60 pages. A 
© Relays © Knight-Kit® Instruments © Knight® P.A. Equipt. \ short-cut to research for design en- 
© Transformers © Electronic Parts for Every Industrial Need \ gineers. Book lists, by functional sub- 


ONE ORDER TO ALLIED FILLS THE WHOLE BILL: Your ALLIED Cata- | ject classification and with succinct 
log is the best single source for electronic supply. It puts the world’s ) annotations, every feature article and 
largest stocks at your command—there’s no need to deal with hun- i major “Design Trends” short article 
dreds of separate factories—one order to us fills the whole bill. You published in ELectrricAL MANUFAC- 
get same-day shipment (fastest service in electronic supply) and TURING during the 5-year period from 
you buy at factory prices. Send today for your FREE 1960 ALLIED 1951-1955. $1.50 
Catalog—your one-source electronic supply guide. 4 


Slide Rule Mathematics, 20 pages, plus 


your dependable ALLIED RADIO \ 4 practice slide rules printed separate- 


direct factory source . : 
for everything in 100 N. Western Ave., Dept. 47-K9 1] ly. A practical guide to the under- 
electrenic supply Chicago 80, Il, standing of the slide rule and its ap- 
Fe j plication to engineering problems, this 
combined reprint traces the logical de- 
velopment of the slide rule’s funda- 
mentals and complete concise instruc- 
tions for its use. Major topics include: 
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65 to + 65 to 4 1.1 at 500 ma 
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on Rectifiers designed and produced by RCA 


e 100% high-temperat 
ure dynamic test 
current and rated voltage ae 
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A Gulton “VO” Series 
button cell battery 
powers this blind man’s 
guidance cane 


~3 rugged...reliable 
Em ...rechargeable! 


~ The cane in the man’s hand is a proximity guidance 
device designed by Franklin Institute for the blind. 


Requirements called for the power supply to be small 
enough to fit in the handle of the cane, rugged enough 
to perform well under abuse, and ...to be rechargeable. 


After extensive testing, designers chose the Gulton “VO” 
sealed nickel cadmium button cell battery to do the job. 


How Can You Use These Batteries? 


Powering this and other prosthetic devices is only one of 
many imaginative uses for these rechargeable batteries. 
Engineers have already designed them into transistorized 
radios, photo-flash power packs, missiles — wherever 
small size, strength, light weight, long life, complete 
reliability, no maintenance and easy recharging are desired, 


Most Complete Line Available 


“VO” cells are available in capacities of 100, 180, 250, 500 
and 1750 mah; have a nominal 1.2 voltage; can be 
packaged in any combination to meet your voltage specs. 
Patented sintered plate construction provides exceptional 
cycling characteristics; highest capacity per unit size. 

Like more information? Write us for Bulletin No. VO-103. 


Available from stock— 


GLENNITE BATTERY DISTRIBUTORS 
92-15 172nd Street, Jamaica, New York 


| | Gulton Industries, Inc. 


Alkaline Battery Division, Metuchen, New Jersey, 
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The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry; 
The Log-Log Scales; Vector Dia- 
grams; Hyperbolic Functions; Phasor 
Calculations; The Circular Slide Rule. 
Written by Ira Ritow, whose previous- 
ly published work in ELectrricaL 
MANUFACTURING includes “Capsule 
Calculus.” $1.00 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and 
components. Individual articles cover: 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental tests on embedded 
units; process control problems. An- 
notated bibliography of articles is in- 


cluded. $2.00 


PLUS or MINUS 


(Continued from page 14) 


Duct With Triangular Cross Section 
E. R. G. Eckert and T. F. Irvine, 
Jr. (ASME-59-HT-10) 


Papers may be purchased from the 
American Society of Mechanical En- 
gineers Order Department, 29 West 39 
Street, New York 18, for 80¢ each (40¢ 
to ASME members) or from the Am- 
erican Institute of Chemical Engineers, 
25 West 45 Street, New York 36, for 
$1.00 each (50¢ to AIChE members). 

An exhibit of heat transfer equip- 
ment was available to conference at- 
tendees. The Monsanto Chemical Co., 
St. Louis, Missouri, made information 
concerning their coolant fluids avail- 
able and the Cardox Division of the 
Chemetron Co., Chicago, displayed a 
new type of environmental chamber 
utilizing the effects of carbon dioxide 
expansion for chamber temperature 
control, 

The annual banquet featured an ad- 
dress by Glenn B. Warren, president, 
American Society of Mechanical En- 
gineers, on the subject of “New Hori- 
zons in Heat Transfer.” It is significant 
to note that one of these new horizons 
is the application of heat transfer tech- 
niques to electronic and_ electrical 
equipment. For this reason ASME has 
established a special committee deal- 
ing with these subjects. This committee 
is soliciting papers dealing with case 
histories and analytical techniques ap- 
plying to electronic and _ electrical 
equipment and those desiring to parti- 
cipate should send 100-word abstracts 
to Chairman, Technical Committee on 
Heat Transfer in Electronic and Elec- 
trical Equipment, ASME Heat Trans- 
fer Division, 29 West 39 Street, New 
York 18. 
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THE TOUGH, HARD ABS PLASTIC 


from BORG-WARNER 


Better in more ways than any other plastic! 


Cycolac’s unique combination of properties gives 
you unlimited freedom in product design coupled 
with new economy and speed in production! You 
get outstanding strength and rigidity without in- 
creasing wall thickness — you get corrosion, stain 
and temperature resistance — less overall weight 
— sparkling colors and hard, glossy surface. With 


® Superior Impact Strength —even at 
Low Temperatures 


® Rigidity —even at High Temperatures 
® Hard, Glossy Surface 
® Corrosion, Stain Resistance 


Cycolac, you can simplify basic construction, take 
advantage of molded contours, forms and shapes 
unobtainable or too costly in other materials. And 
you get every advantage, every economy of high- 
speed injection molding or vacuum forming. 


WRITE FOR COMPLETE TECHNICAL INFORMATION! 


® Wide Range of Colors 
® Good Electrical Properties 
® Dimensional Stability 


® Outstanding Performance 


Division of BORG-WARNER + Washington, W. Va. 


also represented by: 


CHEMICAL 


WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemicai Co. Ltd., Montreal & Toronto 


EXPORT: British Anchor Chemical Corp., New York 


|__ SYNTHETIC RESINS | 
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edi. MESA 


Resistant 


Heat 
Resistant 


DIALL 


MOLDING 
COMPOUNDS 


Faster Flame Out than 
Any Other Flameproof 
Molding Compounds 


Heat Resistance 
to 500° F 


New Diallyl Phthalates 
52-70-70 . . . Short Glass Fiber 
52-40-40 .. . Long Glass Fiber 

Asbestos Filled 
Dacron” Filled 

New Diallyl Iso-Phthalates 
FS-10..... Short Glass Fiber 
FS-80 Long Glass Fiber 
FS-60 . . . Asbestos Filled 


Write TODAY for Data Sheets 
Just Off the Press! 
When you Mold Parts Like These 


Remember DIALL... 
Easy to Mold 
Easy to Machine 
No Post-Mold Shrinkage 
Resistant to Solvents 

and Corrosives 

Unaffected by Moisture 
Fungus Proof 
Does Not Corrode Metals 
All Colors Available 


Please address all inquiries regarding 
Diall molding compounds to 
MESA PLASTICS COMPANY... 
12270 Nebraska Avenue 
Los Angeles 25, California 


. 
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Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


RCA SEMICONDUCTOR PRODUCTS, 
Form SCD-108B—Revised and ex: 
panded to 40 pages, this edition con- 
tains technical data on germanium 
and silicon transistors and silicon rec- 
tifiers. Maximum ratings, typical op- 
eration, characteristics and dimensional 
outline are given for each type. Also 
included are section on_ transistor 
theory. interchangeability directory 
which lists over 1100 type designations 
of 29 different manufacturers and sec- 
tion on circuits containing 37 schematic 
diagrams. Booklet may be obtained by 
sending 30¢ to Commercial Engineer- 
ing, Semiconductor and Materials Div., 


RCA, Somerville, N.J. 


GRADE 8 HEX HEAD CAP SCREW CAT- 
ALOG—Four-page. two-color catalog is 
entitled “Alloy Hex Head Cap Screws 
for Aircraft and Missiles.” Grade-8 
alloy-steel fasteners conform to speci- 
fications MS 35301, MS 35302, MS 
35303, MS 35304. MS 35305 and MS 
35306. Quick-reference chart for iden- 
tification of AN, MS and NAS fasten- 
ers included. Copies may be obtained 
by letterhead request to Hardware 
Speciality Co., Inc., 479 Washington 


St.. New York 13, N.Y. 


LAMINATED PLASTICS DATA BOOK 

A 16-page Engineering Data Book in- 
cludes basic information on NEMA 
standard grade laminated sheets as well 
as modified grades for special require- 
ments. Tables include typical _ per- 
formance values for grades _ of 
laminated sheets; allowable thickness 
tolerances and other information on 
printed circuits and copper-clad lamin- 
ates. Copies available by letterhead 
request to Dept. KP, Northern Plastics 
Corp., LaCrosse, Wis. 


SEMICONDUCTOR INDUSTRIAL REC- 
TIFIERS—Illustrated 6-page technical 
paper gives a basic explanation of uses 
and types of industrial rectifiers and 
covers such topics as monitoring and 
indicating failures. current and voltage 
balance, overload protection, voltage 
surges, cooling, efficiency and power 
factor. Available upon letterhead re- 
quest from Perkin Engineering Corp.. 
345 Kansas St., El Segundo, Calif. 


SOLDERING MANUAL—Containing 176 
pages, 81 illustrations and 34 tables, 
the” American Welding Society book 
covers all phases of soldering. Twenty- 
one chapters deal with principles of 
soldering; solders; fluxes; joint de- 
sign; pre-cleaning and surface prepa- 
ration; equipment, processes and pro- 
cedures; flux residue treatment; inspec- 
tion and testing; copper and copper 
alloys; steel; coated steels; stainless 
steels; nickel and high-nickel alloys; 
lead and lead alloys; aluminum and 
aluminum alloys; magnesium and mag- 
nesium alloys; tin; cast irons; precious 
metal coatings; printed circuits; and 
safety. Chemical composition of solders 
are given, with flux formulations for 
various metals. Copies may be had 
from American Welding Society, Dept. 
T, 33 W. 39 St., New York 18, N.Y.. 
at $5.00. 


MICROWAVE CATALOG—A 320-page 
hard-cover book provides comprehen- 
sive theory, plus practical help on 
applications of microwave measure- 
ments. Actual drawings of test setups 
are supplied, together with instructions 
on test procedures, using units in the 
D-B line of test equipment. Catalog 
contains an expanded handbook section 
giving tabulations on available micro- 
wave tubes and their characteristics, 
on conversion factors and other data. 
The catalog is available to engineers 
engaged in microwave work who re- 
quest the book on company letterhead. 
DeMornay-Bonardi, 780 S. 
Pkwy., Pasadena, Calif. 


Arroyo 


POWER AND GAS TUBES—Booklet 
PG-101D, 32 pages, contains technical 
data for more than 175 tube types. The 
Power-Tube Section features data for 
a number of new beam-power tubes 
including several small integral-radia- 
tor types utilizing ceramic-metal seals 
for vhf and uhf applications and a 
shielded-grid beam triode having a 
useful cw power output of 500 kw. 
Other tubes described are rectifier 
tubes, thyratrons and ignitrons. Copies 
are 30¢ each from Commercial Engi- 
nerring, RCA Electron Tube Division, 
Harrison, N.J. 


PYROCERAM PROGRESS REPORT—The 
8-page Brochure PY 3 gives a general 
description of the glass-ceramic, and 
has detailed data on two types of opaque 
crystalline-ceramic Pyroceram. Included 
are electrical mechanical, thermal and 
chemical properties. Effects of high 
energy radiation on Code 9606 are 
given. Design considerations and appli- 
cations of both types of glass-ceramic 
are explained. The report features a 
comparative property chart and may 
be had by writing on company letter- 
head to Director of Marketing, Corning 
Glass Works, Corning, N.Y. 
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For Every Electrical Protection Requirement 
there’s a safe and dependable BUSS or FUSETRON Fuse ! 


BUSS fuse engineers have con- 
sistently pioneered the develop- 
ment of new fuses to keep pace 
with the demands of the Elec- 
tronic Industry. Today, the 
complete line includes: 


Single-element fuses for circuits 
where quick-blowing is needed;— 
or single-element fuses for normal 
circuit protection;—or dual-ele- 
ment, slow-blowing fuses for cir- 
cuits where harmless current 
surges occur;—or indicating fuses 
for circuits where signals must be 


1059 


BUSS fuses are made to protect - not to blow, needlessly. 


given when fuses open. Fuses 
range in sizes from 1/500 amperes 
up—and there’s a companion line 
of fuse clips, blocks and holders. 


Dependable protection under 
all service conditions. 


Every BUSS or FUSETRON 
fuse is tested in a sensitive elec- 
tronic device that automatically 
rejects any fuse not correctly 
calibrated, properly constructed 
and right in all physical dimen- 
sions. 


BUSS makes a complete line of fuses for home, farm, commercial, 
electronic, electrical, automotive and industrial use. 


OCTOBER 1959 


Circle 224 on page 17 


if you have a special 
protection problem. 


The world’s largest fuse re- 
search laboratory, plus the ex- 
perience gained by solving all 
types of electrical protection 
problems is on call to you at all 
times. Our engineers, work with 
yours and can most probably save 
you time and trouble. 


For more information, write for 


BUSS bulletin SFB. 


BUSSMANN MFG. DIVISION, 
McGraw-Edison Co. 
University at Jefferson, St. Lovis 7, Mo. 


FUSETRON fa 


RUSTWORTHY NAMES IN 
fesermeat pnorec rIOnW 





FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


Literature 
for the 


All-new listings of manufacturer's literature just off the press .. . 
including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electrically 


energized end products. 


SILICON TRANSISTOR FLIP-FLOP — 
Fifteen-page Bulletin D410-02 is titled, 
“Application and Circuit Design Notes” 
and describes p-n-p-n triode Trigistor. 
Device may be turned on by applica- 
tion of low-level positive pulse to base: 
negative pulse turns Trigistor off. Col- 
lector current range is 1 to 8 ma. When 
used as shift register, binary or ring 
counter, the semiconductor operates at 
repetition rates to 10 ke and above. 
Bulletin describes operation and ap- 
plications. The following circuits, with 
component values, are given: one-shot 
multivibrator, 5-bit shift register, ring 
counter and binary counter (four stages. 
16:1). Solid State Products, Inc. 632 


FASTENER CATALOG Catalog 57, 64 
pages, contains representative informa- 
tion on range of fastening devices from 
“B” battery 
grounding clamps and including Tee- 
nuts, plug buttons, rivet studs, tubing 
fasteners. 

> 633 


connectors to vibrator 


clips and quick-operating 


Carr Fastener Co. 


PULSE AND SWITCHING TRANSISTOR 
DISSIPATION—“Transistor Dissipation 
Ratings for Pulse and Switching Serv- 
ice,” AN-181, is used to assist in de- 
termining peak dissipation values of 39 
RCA transistor types. Includes table 
on maximum permissible collector-junc- 
tion temperatures, thermal time con- 
stants and maximum thermal resist- 
ances. Table is used with graphs to 
determine permissible peak dissipation. 


240 


Commercial Engineering, RCA Semi- 
conductor and Materials Div. 634 


PRECISION POTENTIOMETER CATA- 
LOG—Catalog details information on 
box-type and rotary trimmers, panel 
controls, servo-type potentiometers, non- 
standard function pots, non-linear pots, 
pressure and displacement transducers 
and unitized clutch modules. Tech- 
nology Instrument Corp. > 635 


MINIATURE PRESSURE TRANSDUCER 

Information Sheet P-59180 illustrates 
and describes transducer for measure- 
ment of corrosive fluid and gas pres- 
sures in ranges of 0-350, 0-750 and 
0-1000 psi (gage or absolute). Linear- 
ity, 0.3 per cent; hysteresis, 0.25 per 
cent; repeatability, 0.1 per cent. Elec- 
Division. Taber Instruments 


> 636 


tronics 


Corp. 


DIGITAL MANUAL—“Symbolic Logic, 
Boolean Algebra and the Design of 
Digital Systems” is a 32-page, illustrated 
booklet. Three sections deal with funda- 
mentals of symbolic logic, practical ap- 
plications (flip-flops, counters, adders, 
shift register, etc.) and information on 
the company. First section of manual 
includes number systems, binary vari- 
ables, DeMorgan’s Theorem and mini- 
mization. Computer Control Company, 


Inc. ~>637 


ROTARY RELAYS—Twelve-page cata- 
log includes information on five her- 
metically sealed relays with 4PDT and 
DPDT contacts. Catalog gives specifica- 


tions, contact rating curves and mount- 
ing information. Coils available for 
various d-c voltages. Contact resistance, 
0.020 to 0.030 ohm max. Contact rat- 
ing for resistiv eloads: (manufacturer's 
types 2A and 4A and 4AP) 3 amp at 
30 volts d-c; (type 2B) 10 amp at 
30 volts: (type 4C) 5 amp at 30 volts. 
Couch Ordnance, Inc. > 638 


SERVO COMPONENTS—Catalog 60,512 
pages, contains diagrams and specifica- 
tions of gearheads, speed reducers, 
clutches, gears, shafts, clamps and 
other electrical-mechanical components. 
Pocket-size book includes brief descrip- 
tion of breadboard development kits. 
Sterling Precision 

> 639 


Instrument Div.., 
Corp. 


LIMIT SWITCH DAMPING ATTACH- 
MENT—Bulletin 9007-GA includes pic- 
tures and brief description of attach- 
ment which eliminates contact trans- 
fer or “telegraphing” which results 
from limit switch arm snapback. De- 
signed for manufacturer’s Type A limit 
switch. May be used with any arm. 
Damping attachment increases arm 
travel from 30 to 120 deg. Square D 


Co. ->640 


AUTOMATIC TRANSFER SWITCH— 
Bulletin A-11, one page, discusses fea- 
tures of NEMA Size 6, electrically op- 
erated, mechanically held switch for 
loads to 600 volts a-c, 250 volts d-c at 
600 amp continuous; for inductive and 
non-inductive loads. With dual coil 
everating mechanism. Zenith Electric 
Co. > 641 


MAGNESIUM BOXES AND COVERS— 
Catalog G includes information on 44 
standard sizes of boxes and covers. 
transit cases and instrument 
Various sizes and configurations avail- 
able. Zero Manufacturing Co. > 642 


cases. 


COMPRESSION TERMINALS—Bulletin 
SCT-59-101 is a selection guide for 
glass-to-metal terminals. When opened, 
6-page folder forms guide showing fer- 
rule dimensions, ferrule type, lead 
diameter and lead termination for 
eighteen types of compression terminals. 
Other portions of folder give electrical 
specifications and installation data in 
tabular form. Electrical Industries Di- 
vision, Phillips Electronics. > 643 


PORTABLE VOM—One-page Bulletin 
ST-301A describes 20,000 ohms/volt 
meter Model 270. D-C accuracy of unit 
is 1% per cent full scale at 77F. 
Ranges: d-c voltage, a-c voltage, a-f out- 
put voltage, volume level, d-c resistance 
and current. Simpson Electric Co. >644 


FILM CAPACITORS—Engineering Bul- 
letin 2063A contains information on 
polyester film cylindrical and semi- 
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MOTORS 


1 thru 200 horsepower 


(other ratings 1/200 to 1 h.p.) 


Locked-in, Laminated Insulation 
mR Insures Longer Life for your R&M Motor! 


Each slot-cell in your RoBBINS & 

MYERS motor grips a triple layer 

of insulation around the windings. 
Installing these insulation “sandwiches” is a time-consuming 
job but it pays off in long motor life. Mylar* laminated to 
rag paper is first inserted. Reinforced edges prevent slipping 
and scuffing. The dielectric qualities of Mylar* (8 times that 
of conventional insulation) combined with its resistance to 
tearing and aging affords permanent protection; the rag 
paper backing acts as a cushion against abrasion and punc- 
tures. A second layer of insulation is inserted to eliminate 
the danger of weak spots. The wire coil, coated with triple 
resin insulation, is inserted and a third layer of insulation is 
placed over it. Insulation is placed between the coil ends, 
wedges are inserted to hold the coil firmly in place and the 
stator is twice dipped in special insulating varnish and baked 
after each dip, thus forming an armor-like coating. Coil 
ends are coated with a moisture-proof sealer. This is insula- 
tion you can trust, yet it’s yours at standard prices! For 
more details write for Bulletin 520-EM 
*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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A topper in any language 


It’s better than the best XXXP grade, 
it’s lighter and more economical than G-10, 
it’s Taylor XY-1 Paper-Base Epoxy Laminate 


When you want extremely high reliability in printed circuits, with the addi- 
tional advantages of flame retardance, chemical resistance, good solder- 
ability and high bond strength—specify Taylor XY-1 copper-clad laminate. 
It is self-extinguishing in 1 second, has excellent resistance to alkalis, acids 
and solvents, has a solder time resistance at 500°F. of 30 seconds in 1-oz. 
copper and 50 seconds in 2-0z., and a bond strength of 10 Ib. in 1-oz. 
copper and 13 Ib. in 2-0z. Sheets available with copper on one or both sides. 


Unclad Taylor XY-1 has many advantages, 
too. It can be substituted for glass-base epoxy 
laminates to reduce cost and weight. It has 
excellent electrical, mechanical and machining 
properties. Contact us for complete technical 
data and expert guidance in applying this new 
material. TAYLOR FIBRE Co., Norristown 37, Pa. 


tor 
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oval capacitors. Filmite E series avail- 
able in common capacitance ratings and 
from 100 through 600 volts d-c work- 
ing. Tolerance, +20 per cent. Sprague 
Electric Co. > 645 


ELECTRICAL AND THERMAL INSULA- 
TION—Product Bulletin 1-2 includes 
descriptions and general properties of 
“Refrasil” material in the form of bulk 
fiber, batt, cloth, tape, sleeving, yarn 
and cordage. Products composed of 
vitreous fibers contain 96 per cent 
SiOz. At continuous temperatures of 
1800 F the silica changes form, result- 
ing in stiffening of material but no 
changes in other electrical and physical 
properties occur. H. I. Thompson Fiber 


Glass Co. > 646 


WIREMAN’S PLIERS—Pocket book of 
64 pages, Catalog 100, describes various 
types of pliers and other equipment for 
wiremen. With index and assorted refer- 
ence tables. From Mathias Klein and 
Sons. ->647 


ELECTRONIC GENERATOR—Data sheet 
contains description and specifications 
for Model 150 generator which supplies 
160 va at 400 cps. Output voltage range 
is 0 to 120 volts. Stabilized frequency 
is +0.25 per cent of nominal value at 
25 deg C. Frequency may be varied 
from 350 to 450 cps using internal 
oscillator. Use of external oscillator al- 
lows generator to cover 50 to 4000 cps. 
Industrial Test Equipment Co. ~—>648 


ENAMEL AND MAGNET WIRE—Re- 
vised and up-to-date 16-page reference 
list describes all types of enamel and 
magnet wire giving their trademarks 
and manufacturers. Booklet contains 


complete data index of subject. Gen- 
eral Cable Corp. > 649 


AIR VALVES—Bulletin 235 covers al- 
ternate bases and integral speed con- 
trol section for Series “CC” 4-way air 
control valves. Speed control section 
provides independent control (via ad- 
justing screws) of air cylinder piston 
speeds in both stroke directions. Three 
alternate cast-aluminum ported bases 
are available for various piping ar- 
rangements. Hannifin Co. > 650 


MICROWAVE EQUIPMENT —Twelve- 
page, 2-color Booklet 140 describes line 
of mm-wave components and _instru- 
ments which generate, detect, and 
measure microwave frequencies to 140 
kme. Performance characteristics, pre- 
cision construction features and di- 
mension drawings are supplied for 
transmission line components, detectors, 
power absorbing units, horns, tees, 
frequency and impedance meters, phase 
shifters, shorts, tuners and accessories. 
DeMornay-Bonardi. > 651 
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For ALNICO MAGNETS— Stock or Special 
Specify “ARNOLD” 


VWaterials 


Cast Alnico Magnets are most com- 
monly made in Alnico V, VI or 
III. Sintered Alnico Magnets us- 
ually are made in Alnico II, V or 
VI. Special permanent magnet ma- 
terials supplied by Arnold include 
Vicalloy, Arnox III and V, and 
Cunife. 


Enginecring Data 
Write for your copy of Bulletin 
GC-106C, a general catalog of all 
Arnold products. It contains useful 
data on the physical and magnetic 
properties of Alnico magnets. Lists 
stock items and standard toler- 
ances for cast and sintered mag- 
nets—also stock sizes and pertinent 
data on tape cores, powder cores, 
C & E cut cores, etc. 


ADDRESS DEPT. EM-910 


OCTOBER 1959 


_ best bet for a source of Alnico 
permanent magnets and assemblies is 
Armold—producer of the most complete 
line of magnetic materials in the industry. 
We can supply your need for any size, 
shape, or type of Alnico magnet. Weights 
range from small sintered parts weighing 
less than a gram to large castings of 80 
lbs. or more. 

Special assemblies such as rotors, travel- 
ing wave tube and magnetron magnets, 
etc., may be supplied aluminum-jacketed 
for easy mounting and added protection 
of the magnet—and magnetized and sta- 
bilized as desired. Large magnet assemblies 


may also be supplied for mass spectrometer 
and other measuring applications, where a 
high degree of stability and uniformity of 
field is required. 

For your convenience, we carry a wide 
range of the more popular sizes and types 
of Alnico magnets in stock for immediate 
shipment. Unsurpassed plant facilities 
assure quick delivery of all special orders. 

@ Let us handle your permanent magnet 
requirements, of any tape core, powder 
core or other magnetic material specifica- 
tion you may have. Get in touch with 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Iil. 


wew 7613s 


& ARNOLD 


SPECIALISTS in MAGNETIC MATERIAL 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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HIGH 


VOLTAGE 


RECTIFIERS 


in reliable, subminiaturized packages 


You'll find Hughes silicon rectifiers ideally 
suited to design problems which combine 
high voltage with small size. In fact, 
Hughes rectifiers can handle more voltage 
than any rectifiers of comparable size. 

You also get high reliability. Packaged 
in the Hughes glass envelope — proven de- 
pendable throughout many years of test- 
ing and use —this rectifier will stand up 


under highly adverse operating conditions. 

Hughes silicon rectifiers are also pack- 
aged in modules in various configurations, 
such as: ring modulators, matched pairs 
and quads, etc. 

The complete line of Hughes rectifiers 
..- with 50 to 1000 volt ratings at 50 to 200 
mA...is available for immediate delivery— 
and in large volume quantities. For addi- 


RATINGS AND SPECIFICATIONS: Absolute Maximum Ratings at 25° C. 


Max. Average 
Rectified 
Current mA 


1N847 
1N848 
1N849 
1N850 
1N851 
1N852 
1N853 
1N854 
1N855 
1N856 


Storage temp. —65° to +-200°C. 
Max. Leakage current full cycle average 20,A. 


Creating a new world with ELECTRONICS 


SEMICONDUCTOR DEVICES + STORAGE TUBES AND DEVICES - 
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Max. Surge 
Current JEDEC 
One Cycle (amp) No. 


1N868 
1N869 
1N870 
1N871 
1N872 
1N873 
1N874 
1N875 
1N876 
1N877 
1N878 


1N879 
1N880 
1N881 
1N882 
1N883 
1N884 
1N885 
1N886 
1N887 
1N888 
1N889 


RMS 
Volts 


Cycle 6 Volts 


© 1959, HUGHES AIRCRAFT COMPANY 


MICROWAVE TUBES + 


VACUUM TUBES AND COMPONENTS * 
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CRYSTAL FILTERS «+ 


tional information, you are invited to write 
or phone the Hughes Semiconductor sales 
office or distributor nearest you. Or write: 
Hughes Products, Marketing Department, 
SEMICONDUCTOR DIVISION, NEWPORT 
BEACH, CALIFORNIA. 


For export write: Hughes International, 
Culver City, California. 


Max. Average 
Rectified 
Current mA 


Max. Surge 
Current 
One Cycle (amp) 


WANBMNNNNNDnn | COSSSSoOOD505050 


Typical Full Load Forward Voltage Drop Full 


HUGHES PRODUCTS 


MEMO-SCOPE® OSCILLOSCOPES + INDUSTRIAL CONTROL SYSTEMS 
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Order off-the-shelf quantities of HIGH VOLTAGE 
HUGHES RECTIFIERS at factory low prices from 
the following exclusive distributors: 


Akron Electronic Supply 

107 South Arlington; Akron 6, Ohio 

Allied Radio Corporation 

100 North Western Avenue; Chicago 80, Illinois 
Arrow Electronics, Inc. 

525 Jericho Turnpike; Mineola, Long Island, N.Y. 
East Coast Radio and TV Co. 

1900 North West Miami Court; Miami 36, Florida 
Elmar Electronics, Inc. 

140 Eleventh Street; Oakland 7, California 

Radio Shack Corporation 

167 Washington Street; Boston 8, Massachusetts 
Radio Specialties and Appliance Corporation 
917 North Seventh Street; Phoenix, Arizona 
Radio Specialties Co. 

456 Charlotte Avenue; Detroit 1, Michigan 

Radio Specialties Co., Inc. 

209 Pennsylvania Ave.; Alamogordo, New Mexico 
Terminal Radio Corporation 

85 Cortlandt Street; New York 7, New York 
Western Radio and Television Supply Company 
1410 India Street; San Diego, California 
Federated Purchaser, Inc. 

11275 West Olympic Bivd.; Los Angeles 64, Calif. 
Federated Purchaser, Inc. 

1021 U.S. Route 22; Mountainside, New Jersey 
Sifford Brown, Inc. 

618 First Street, N.W.; Cedar Rapids, lowa 
Graybar Electric Company, Inc. 

1107 Foch Street; Fort Worth, Texas 


Graybar Electric Company, Inc. 
717 Latimer Street; Dallas, Texas 


Hudson Radio and TV Corp. 

48 West 48th Street; New York 19, New York 
Kann-Ellert Electronics, Inc. 

9 South Howard Street; Baltimore, Maryland 
Kann-Ellert Electronics, Inc. 

2414 Reedie Drive; Silver Spring, Maryland 
Kierulff Electronics, Inc. 

820 West Olympic Bivd.; Los Angeles 15, Calif. 
Morris Distributing Co., Inc. 

195 Water Street; Binghamton, New York 
Morris Distributing Co., Inc. 

1153 West Fayette Street; Syracuse, New York 
Newark Electric Company 

223 West Madison Street; Chicago 6, Illinois 
Newark Electric Company 

4747 West Century Bivd.; Inglewood, California 
Radio Electric Service Co. of Pennsylvania, Inc. 
7th and Arch Streets; Philadelphia 6, Pa. 
Mytronic Company 

2145 Florence Avenue; Cincinnati 6, Ohio 


——______—$——_—_____ 
SEMICONDUCTOR DIVISION SALES OFFICES: 


BOSTON, 4 Federal Street; 
Woburn, Mass.; WOburn 2-4824 
MINNEAPOLIS, 6121 Excelsior; 
Minneapolis 16, Minn.; WEst 9-0461 
NEWARK, 80 Mulberry Street; 
Newark 2, N.J.; MArket 3-3520 
SAN FRANCISCO, 535 Middlefield Road; 
Palo Alto, Calif.; DA 6-7780 
SYRACUSE, 224 Harrison Street; 
Syracuse 2, N.Y.; GRanite 1-0163 
CHICAGO, 1515 N. Harlem Avenue; 
Oak Park, Illinois; NAtional 2-0283 
CINCINNATI, 816 Swifton Center; 
Cincinnati, Ohio; ELmhurst 1-5665 
PHILADELPHIA, 1 Bala Avenue; 
Bala-Cynwyd, Penn.; MOhawk 4-8365 


LOS ANGELES, 690 N. Sepulveda; 
El Segundo, Calif.; OR 8-6125 


—_—___—_—_ 
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DIGITAL COUNTER-DIVIDER — Nine- 
page technical data booklet describes 
solid-state industrial and military “In- 
cremags.” Devices are used for fre- 
quency division, scaling, control applica- 
tions or coding. For odd or even counts. 
Counter-dividers have variable counting 
rates up to 100,000 pps and accept uni- 
form or randomly-spaced inputs. Value 
of count determined by circuit adjust- 
ment (16 counts per stage max.). 
Single stages may be cascaded for com- 
posite count equal to sum or product 
of individual counts. Output power is 
0.1 watt, instantaneous or peak, from 
each output. Time required between in- 
put pulses 5 psec min. General Time 
Central Research Laboratory. > 652 


PLASTICS LABELS—F older on pressure- 
sensitive labels contains information 
and samples. Labels may be multi- 
colored acetate, polystyrene or Mylar 
(transparent, metallized chrome or 
gold) and adhere without moistening. 
Supplied in continuous rolls. Goodren 
Products Corp. > 653 


TERMINAL BLOCKS—Catalog C259 de- 
scribes sectional terminal blocks, one- 
piece blocks, terminals, splice caps, 
cable and conduit fittings. Blocks have 
provision for circuit identification, are 
rated at 750 volts and will accept wire 
sizes from No. 4 to 22. Terminal blocks 
of medium-impact (CFG) phenolic 
available with from two to three types 
of contacts. Buchanan Electrical Prod- 
ucts Corp. ->654 


PORTABLE ANALOG COMPUTER—Cat- 
alog sheet lists four models of Microlog 
computer Series 2. Models range from 
5- to 10-amplifier size with 10 to 20 
coefficient potentiometers and 2 to 4 
integrators. Small computers operate 
from 110 volts, 60 cps. Ebex Sales In- 
corporated. > 655 
TANTALUM CAPACITORS — Specifica- 
tions Booklet 6CA-101 consists of eight 
sheets of information with rating, out- 
lines and a derating curve for Gold 
Cap tantalum capacitors. Voltage rat- 
ings, 6 to 100 volts working; capacity, 
2 to 330 yf. Fansteel Metallurgical 
Corp., Rectifier-Capacitor Div. > 656 


FLAME RESISTANT RESIN—Self-extin- 
guishing Fortiflex A material is de- 
scribed in 2-page Bulletin NP-35. Injec- 
tion molding compound density, 1.04 
gm/cc; stiffness in flexure (ASTM 
D747-50), 140,000 psi; hardness 
(ASTM D-676-49), 65 Shore D; heat 
distortion temperature at 66 psi 
(ASTM D-648-56), 170 F. Celanese 
Corp. of America, Plastics Div. ->657 


WIRE AND CABLE INSULATION 
“Materials for the Electrical Industry” 
is a data file on EXON Series 500 PVC 


EFFECTIVE 


AAT) 


for 
SMALL MOTORS 


LT PAN 


MECHANICAL INDUSTRIES 
PRODUCTION CO. 


211 ASH STREET @ AKRON 8, OHIO 
SOUTHERN PLANT: DANIA, FLORIDA 
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this new part 


brings outstanding 


@eeeeseeeeeeeeeeeeeeeeee 


The photograph is of a shifter fork used in the transmission of a very pop- 
ular garden tractor in volume production. 

Clearly evident is the economy that can be achieved by powder metallurgy 
over other previously used methods. The elimination of practically all 
machine work effects striking cost reduction. 

Made of pure powdered iron, infiltrated’ with copper to give added strength 
and ductility, this part is intended to meet the higher physical properties 
of wrought metals. 

The user of this part naturally presented his problem to Bunting first. 


For the unusual, as well as the usual, in bearings, bushings, bars and special 
parts of cast bronze, sintered metals, or Alcoa aluminum, see Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed Product 
Engineering Department are at your command without cost or obligation 
for research or aiding in specification of bearings or parts made of cast 
bronze or sintered metals for special or unusual applications. 


.. 2th 0r WU FOL YOu COpy Of... 


Bunting’s “Engineering Handbook on Powder Metallurgy” 
and Catalog No. 58 listing 2227 sizes of completely finished 
cast bronze and sintered oil-filled bronze bearings 
available from stock. 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio EVergreen 2-3451 


Bunting 


Branches in Principal Cities 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. ALCOA® ALUMINUM BARS 
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resins for jacketing and insulating ap- 
plications. Complete specifications for 
ten compounds in the series are given. 
Firestone Plastics Company, Chem’ 


Div. > 658 


METAL O-RING DESIGN MANUAL 

Seven-page booklet contents include ap- 
plications of metal O-rings, various 
types, resiliency and flange-loading 
graphs, proper selection of rings, groove 
cimensions and_ finishes. Depending 
upon type of ring, nominal ring OD 
ranges from 14 to 50 in. for standard 
sizes. Advanced Products Co. > 659 


KNOB CATALOG—Four-page Bulletin 
59-3, covering plastics knobs for mili- 
tary and commercial applications, in- 
cludes complete specifications of Series 
KMS knobs which consists of five sizes, 
six styles, three shaft diameters and 
two finishes. Each is available in various 
colors and color combinations. National 


Radio Co. -> 660 


tMPULSE COUNTERS—Data sheet de- 
scribing small panel-mounted Sodeco 
remote impulse counters — illustrates 
Series TCeB counters available in 4- 
and 5-digit models. Counters are actu- 
ated by rectangular pulses of frequen- 
cies up to 10 pps for a-c and 25 pps 
for d-c pulses. Available for various 
operating voltages and with or without 


manual zero reset. Landis & Gyr. !>- 
corporated. > 661 


SWINGING INDUCTORS—Series of En- 
gineering Product Bulletins describes 
inductors in three basic forms: open 
construction, encapsulated and can- 
type. Encapsulated and can-type meet 
applicable sections of MIL-T-27A. Engi- 
neering performance data, including 
curves of inductance vs direct current 
and inductance vs frequency, included. 
Magnetic Circuit Elements Inc. 662 


FILTER AND TRANSFORMER CATA- 
LOGS—General catalog (which covers 
electric wave filters, coils, magnetic 
amplifiers, reactors and transformers) 
contains specifications, applications and 
all pertinent information. 

Separate catalog, consisting of filters 
and inductors, has also been issued. 
United Transformer Corp. > 663 


TERMINAL BOARDS 
folder contains information on Gen- 
Pro solid block terminal boards in 
commercial grades and in Mai-60 mold- 
ing compound per MIL-M-14E. Studs 
or conductors are molded in. Voltage 
ratings range from 300 to 2500 rms. 
General Products Corp. > 664 


Descriptive 


SOLID-STATE I-F AMPLIFIER—Single- 
page Bulletin 591 describes i-f video 
amplifier for use with a low noise pre- 
amplifier. Model A0107 amplifier has 
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How to avoid a common cause of machine downtime 


Even well designed and engineered 
machines can turn out to be big head- 
aches. Common cause: Downtime due 
to excessive maintenance of electric 
controls. 

Electrically operated machinery is 
only as good as the controls which 
govern its operation. Minimum electri- 
cal maintenance means less machine 
downtime. 

Hint: To insure maximum operating 
efficiency for your machinery, check the 
above photograph. It shows the contact 
tips (at right) from a Clark Type “CY” 
A-C Motor Starter after one year of 
continuous service with frequently as 


many as 5,000 operations per hour. 
Compare them with the new, unused 
tips at left above. 

See for yourself that except for slight 
discoloration and minute pitting the 
used contact tips show very little evi- 
dence of wear even after one year of 
steady operation. Many more years of 
reliable, maintenance-free (and down- 
time-free) service are assured. 

Clark’s exclusive “arc quenching” 
principle, which works through the use 
of strong, multi-turn magnetic blowouts 


and double-break contacts, is the answer. 


The action of the magnetic field not 
only forces the arc to rotate, moving it 


he 


continually over contact surfaces, but 
tends to “quench” it at the same time. 
As a result, there’s less wear on contact 
tips and a substantial reduction in 
maintenance requirements — much less 
machine downtime. 

There are many more good reasons 
why the Clark Type “CY” Starters will 
control your machines better — help 
them to put their “best foot forward” 
and keep it there. For all the facts on 
Clark “CY” Starters, as well as space- 
saving “PM” Relays and other controls 
in Clark’s “standard of quality” line con- 
tact your nearest Clark Controller sales 
office or distributor. Or, write direct. 


9S2 


CLARK CONTROLLER 


Everything Under Control * 1146 E. 152nd St.* Cleveland 10, Ohio Comer 


UU 
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PATTERNS IN POWER 


Silicon Rectifiers by Audio Devices establish 
new standards for high power industrial appli- 
cations. Available in current ranges of 25 to 
250 amperes (nominal, single-phase, half-wave 
rating), 50-400 PIV, with positive or negative 
base connections. Hermetically sealed AD Sil- 
icon Power Rectifiers provide users with longer 
life and more efficient operation under high 
temperature conditions. All units, including “2 
amp. and up, now available from stock. For 
engineering data, write, wire or call RECTIFIER 
DIVISION, AUDIO DEVICES, INC., 620 E. DYER 
ROAD, SANTA ANA, CALIF. Kimberly 5-8241. 


IN CANADA: Alex L. Clark, Ltd., Toronto 18, 
OVERSEAS EXPORT: ROCKE INTERNATIONAL 
CORPORATION, New York 16. 
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center frequency of 30 me, gain of 85 
db and bandwidth of 4.5 mc. Features 
include sensitivity time control adjust- 
able from 0 to 400 psec and instanta- 
neous automatic gain control. Noise 
figure is 8 db and 40-db manual gain 
control is provided. Complete unit 


measures 2 x 3 x 6 in. overall. Strand 
Engineering Co. > 665 


MINIATURE COUPLING TRANSFORM- 
ERS—Two series of transformers rated 
at 1 watt and % watt are described on 
single-page Bulletin WB6. Designed 
for use as coupling transformers in the 
audio- and radio-frequency range, these 
units feature wide frequency response, 
low attenuation, low distortion and 
phase shift. Transformers may be used 
step-up or step-down at various imped- 
ance levels. Either or both windings 
may be center tapped. Aladdin Elec- 
tronics. -> 666 


BIFILAR-SUSPENSION METERS—Preci- 
sion meters described in 180-page book- 
let have bifilar-suspension movement. 
Models available as microammeters, 
milliammeters, ammeters,  millivolt- 
meters, voltmeters, megohmmeters, 
multi-range meters and volt-ammeters. 
Standard meter models have overload 
capacity of 100.000 per cent due to 
suspension used. Greibach Instruments 
Corp. > 667 


MOTOR AND GENERATOR BULLETIN 

Six-page All-Products Bulletin is en- 
titled “Electric Motors and Generators 

. a-c and d-c.” Included are squirrel- 
cage a-c motors, special purpose motors, 
wound-rotor motors, d-c motors, gener- 
ators and motor-generator sets. All lines 
are illustrated. Range of motors covered 
is from 1 to 200 hp; motor-generator 
sets from 14 to 150 kw. Imperial Elec- 
tric Co. > 668 


PRECISION ROTARY COMPONENTS 

Illustrated 170-page catalog of syn- 
chros, servo motors, servo amplifiers. 
resolvers, rate gyros and potentiometers 
contains specifications and outline draw- 
ings of 200 units. Included are details 
on synchros manufactured to newest 
MIL specifications (MIL-S-20708A). 
Typically, two pages are devoted to 
each item with photograph, specifica- 
tions and dimensional drawings; also 
curves where appropriate. Ketay Dept.. 
Norden Div., United Aircraft Corpora- 
tion. > 669 


AUTOMATIC SOLDERING GUIDE — 
Eight-page “Guide to Perform Solder- 
ing” provides information about solder 
preforms and their use. Included are 
data on range of preform shapes, alloys 
from which they are made and use in 
automatic production processes. Guide 
also describes heating methods, flux 
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This fastener 
works 
through thick and thin! 


HERE‘S HOW SPRING-LOCK WORKS 
Spring-Lock—the easy-to-use removable fastener for mod- 
ern designs— works whether panel thicknesses run over 
or under specifications! Spring wire deflects automatically 
to handle greater or lesser thicknesses. Spring-Lock’s de- 
sign flexibility makes it more than a fastener: it can be 
adapted as a shelf support, door strike, knob or any 
similar panel-mounted device. Many standard shapes and 1. Insert fastener. 2. Helf-turn locks it in place. 


sizes of Simmons Spring-Locks are available from stock. 

With production costs on the uptrend, you can 
SEND TODAY for your copy of the NEW 40-page Simmons figure on Spring-Lock as an assembly time 
Catalog. Complete information, engineering drawings, and money-saver, because: 
and application data on Spring-Lock and other Simmons 
‘ ia ; ie? ; : 8 ion is BLIND 
Fasteners. Engineering service is available. Samples on @ leases + eS 
Installation is EASY: no special tools are 
needed 


@ Installation is QUICK: a half-turn locks it 
in place 


@ Installation is SECURE: the spring steel 
locks the fastener, resists vibration 


%] M i ON s FASTENER CORPORATION 1752North Broadway, Albany 1, New York 


° 
QUICK-LOCK + SPRING-LOCK + LINK-LOCK » HINGE-LOCK » ROTO-LOCK + DUAL-LOCK 


request. ° 


See our 8-page condensed Catalog in Sweet’s Product Design File. 
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selection, metals characteristics and 
alloy selection. It contains temperature 
conversion chart as well as following 
reference data: tin-lead fusion diagram, 
charts describing physical properties 
and melting points of tin-lead solders, 
commercial silver solders, indium base 
solders, and low-melting bismuth-cad- 
Alloys Unlimited. '» 

->670 


minum alloys. 
corporated. 


SHOCK AND VIBRATION ISOLATORS 

Bulletin 59-04, 4 pages, contains in- 
formation and an example on choosing 
isolators. Factors considered are total 
weight of equipment to be isolated and 
frequency of disturbing vibration. Five 
types of isolators are illustrated. Barry 
Controls, Ine. ~>671 
COPPER-BASE ALLOYS—Stock products 
from special aluminum bronze alloys 
are described in Bulletin G-51. Products 
illustrated in 4-page bulletin include: 
extruded solid rounds, centrifugally- 
cast bars, rolled sheet and plate, ex- 
truded rectangles, cast die blanks and 
bushings. 
properties and applications also listed. 


Ampco Metal, Inc. > 672 


guide pin Sizes, physical 


SILICONE RUBBER COATED FABRICS 

Technical data sheet contains de- 
typical 
fabrics. Compounds described used for 


scription and properties of 


gasketing, diaphragms, seals and elec- 
trical insulation. Thickness ranges from 
0.004 to 0.015 in. Electric strength, 300 
to 1000 volts per mil. Connecticut Hard 
Rubber Co. > 673 


SOLID-STATE POWER SUPPLY—Two- 
color catalog sheet S-2-19 offers a 
brief description of Model 851H trans- 
istorized power supply. Unit develops 
any voltage from 26 to 2000 volts d-c 
at 100 watts output power from an 
input of 28 volts d-c. Power supply 
input 
polarity is inadvertently reversed. Units 


becomes non-operative when 
are encapsulated. Three standard ter- 
minations available: A/N connector, 
wire-lead and solder-lug. Two d-c to 
described. 

> 674 


a-c power supplies also 


Arnold Magnetics Corp. 


MICROWAVE METERS AND FILTERS— 
Twelve-page catalog includes frequency 
meters in the 500- to 18.000-me range 
filters with 
ranges from 960 to 9600 mc. General 
design data (and curves) are include. 
Frequency Standards. >675 


and tunable band-pass 


BONDED MICA INSULATION— Revised 
Catalog M 59 describes and illustrates 
line of Micabond bonded mica insula- 
tion. Catalog of 16 pages offers infor- 
mation about properties, tolerances and 
composition of various grades. Booklet 


lists information about forms, sizes, 
weights and specifications. Types of 
backings and bonding materials are 
also treated. Fabricating helps, such as 
how to punch, turn, saw and drill the 
material, are also included. Continental- 
Diamond Fibre Corp. ->676 


SERVO SYSTEM SIMULATOR—Folder 
SDR-1 briefly describes packaged as- 
sembly for simulation of both electrical 
and electromechanical portions of a 
servo loop. Two-rack system simulates 
complete complex systems and analyzes 


Servo Corporation of 


> 677 


components, 
America. 


EPOXY-FIBER GLASS TUBING — Two- 
page Bulletin MSD-54A describes a 
seamless tubing made of continuous 
filament glass fiber and epoxy resin 
and other structures of silicone- and 
urethane-glass fiber. Bulletin includes 
descriptions, technical data and proper- 
ties of seamless braided glass fiber 
sleeve, impregnated with a high-tem- 
perature Epoxy CL resin system; rod 
with continuous filament fiber-glass and 
epoxy resin; silicone fiber-glass, a Class 
H electrical insulator; urethane tube, 
a Class F insulator; and tube with 
interlayers of lead, cadmium, copper and 
other metals. Electrical properties and 
insulating advantages of “Chemtube” 
are detailed. Chemfab Corp. ->678 
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A COMPLETE LINE OF COMBINATION 


NEMA SIZES 0, 1, 2 and new sizes 3 and 4 


NY houneanh : STARTERS UP TO 100 HP, 440 VOLTS AC 
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SILICONE POTTING COMPOUND-— Sili- 
cone potting material that permits 
visual and instrument checking of in- 
dividual parts within a potted assembly 
is described in four-page Brochure 
10-505. “Dielectric Gel” cures in place 
to form resilient, protective mass that 
retains dielectric properties and mois- 
ture resistance from —60 to +200 C. 
Tables of properties and list of appli- 
cations included. Dow Corning Corpora- 
tion. > 679 


RANDOM SIGNAL METER—Bulletin 55 
describes Model TBM-2 true root-mean- 
square voltmeter with frequency re- 
sponse of 2 cps to 250 ke +0.2 db. 
Time constants, 0.5 or 16 sec. With 18 
ranges from 0.5 mv to 250 volts. Flow 


Corp. > 680 


VIBRATION INTERFEROMETER—Prod- 
uct Bulletin 204-59 describes interfero- 
meter for precise checking and calibra- 
tion of accelerometers used on shake 
tables. The Bulletin gives applications, 
product features, description and spec- 
ifications. Gaertner Scientific Corpora- 
tion. > 681 


MAGNETIC STARTER CATALOG—Six- 
teen-page Catalog 14-Bl introduces a 
re-designed line of magnetic starters 
through 15 hp at 440 to 550 volts. 
Catalog lists features: all components 


front removable, dual-voltage coils re- 
connectable on the job, trip-free ther- 
mal overload relays with trip indicator. 
Pushbutton, selector switch, pilot light, 
auxiliary contacts or third overload 
relays can be added to basic starters as 
field modifications. Furnas Electric 
Company. > 682 


ELECTRICAL HEAT CONTROL Single- 
page data sheet describes packaged 
control unit which shuts off input power 
when desired heat is reached. Circuit 
is restored when temperature of device 
to be controlled drops 1% deg F. “Hott- 
Watt” requires no external probe or 
temperature sensing device. Furnished 
in two power ranges to 3 kw for 110 or 
220 volts a-c. Industrial Steam Equip- 
Industrial Shoe 


> 683 


ment Division of 
Machinery Corp. 


TRANSFORMER KIT—Bulletin TP659 
describes in 8 pages a “do-it-yourself” 
packaged transformer primary which 
serves as an a-c voltage source or 
Flexiformer is 
primary coil 


current transformer. 

self-contained  toriodal 
consisting of strip-wound silicon steel 
core having a 400-turn coil. To use as 
source of a-c voltage, proper number of 
hand- 
through center opening to 


secondary winding turns are 
threaded 
obtain desired output voltage. Input 


rating, 120 volts, 50/60 cps, 1-phase; 


output, 150 va. When used as current 
transformer, Flexiformer winding be- 
comes secondary winding with current 
induced by wire passing through center 
opening. Superior Electric Co. —>684 


TEST EQUIPMENT CATALOG Six-page 
short-form catalog includes product and 
basic specification information on trans- 
former ratio-arm bridges, oscillators, 
an attenuator calibrator, transistor 
adaptors, vibration meters, milliwatt- 
meters and wattmeters. Wayne Kerr 
Corp. > 685 


AUTOMATIC CONTROLS Catalog 
R1650 of 56 pages lists line of controls 
for heating, refrigeration and air con- 
ditioning. Included are small solenoid 
valves, thermostats, electric heat con- 
trols and other control packages. Speci- 
fications with description of operation 
and general applications included in 
each product listing. White-Rodgers 
Co. > 686 


BREADBOARDING AID Device de- 
scribed in 2-page Bulletin 901-B con- 
sists of a flat plastics board containing 
a rectangular array of contact cells. 
Cells for holding component leads con- 
sist of electrically isolated, gold-plated 
eyelet and elastic rubber core. Com- 
ponents are released or inserted by 
pulling on rubber core which normally 


NEW WEATHERPROOF and EXPLOSIONPROOF 
Cly/ ENCLOSURES WEIGH ONE-HALF AS MUCH 
AS CONVENTIONAL BOXES 


Offering Weatherproof and Explosionproof en- 
closures of strong, cast aluminum, one-half the 
weight of old-style cast iron boxes. Choice of 
fused or unfused Disconnect Switch or Circuit 


Breakers. 


Types. 


¢ In NEMA SIZES 0 through 4 


e Front operated by means of Fused or Unfused 
Disconnect or Circuit Breaker. Circuit Breakers 
are Instantaneous or Thermal Magnetic Trip 


¢ With or Without Control Circuit Transformers 


“RIGHT ANGLE” DESIGN STARTERS: 
e Straight-Thru Front Wiring ¢ Epoxy-Resin En- 
cased Coils 


e Large, Long-Life Contacts e Easy Maintenance 
Proved Dependability 


Write today for engineering details on Arrow- 
Hart’s complete lines of Combination Starters 
to: The Arrow-Hart & Hegeman Electric Co., 
Dept. EM,103 Hawthorn St., Hartford 6, Conn. 


ENCLOSURES FOR EVERY USE: 


e General Purpose —- NEMA TYPE 1 
e Weatherproof —- NEMA TYPE 4 
e Explosionproof - NEMA TYPES 7 and 9 


e Industrial (oiltight and dust resistant) - NEMA 
TYPE 12 


AVAILABLE: 
e Non-Reversing, Reversing and Two-Speed Types 


ARROW-HART of 


Quality since 1890 


HARTFORD 


MOTOR CONTROLS «+ ENCLOSED SWITCHES «+ APPLIANCE 


SWITCHES «+ WIRING DEVICES 
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presses leads against eyelet. Circuit 
board is cellulose-filled phenolic. Cells 
are mounted on l-in. centers. Plastic 
Associates. ; > 687 
PHOSPHOR BRONZE — Handbook on 
phosphor bronze wire, bars, rods, strip, 
sheets, circles and special shapes is 
20-page catalog. It 
contains information on a_ fine-grain 


available as a 


phosphor bronze and on facilities for 
continuous casting of phosphor bronze 
strip. With brief history of phosphor 
bronze and current applications. Com- 
position, specifications and properties of 
various phosphor bronze alloys shown 
in chart form. H. K. Porter Company, 
Inc. > 688 


ELECTRIC CLIPS AND INSULATORS 

Descriptive 8-page Catalog 220 lists 
and illustrates complete line of electric 
clips from miniaturized clips to welding 
ground clamps. Solid copper and cad- 
mium-plated steel clips and _ flexible 
dielectric insulators to fit are available. 
Includes skin-tight insulators, colored 
insulators and alligator clip adapted 
for phone tip or test-prod tip. Mueller 
Electric Co. > 689 


SERVO SYSTEM AMPLIFIER 


amplifier and associated power supply 


Servo 


for use in a-c instrument servo systems 


is described in 2-page technical data 
sheet. Amplifier operates from low-level 
a-c signals and will control two-phase 
a-c servo motors with output ratings 
to 10 watts of power. 
Amplifier output power available at 


mechanical 


various impedance levels via matching 


and isolation transformer. Specifica- 
tions, photographs, construction data 
and block diagram included in techni- 
cal bulletin. Seneca Falls Machine 


Co. 690 


SELECTIVE PLATING—Four-page illus- 
trated brochure describes Dalic process 
of electroplating selected areas without 
using immersion tanks. Anode pad of 
stylus tool is saturated with appropri- 
ate solution and rubbed over surface to 
Adjusting supply 
controls thickness to within 0.001 in. 
Plating solutions are non-toxic. Twenty- 


be plated. power 


three types of solutions available, of 
which seven are precious metal. Sifco 


Metachemical Inc. > 691 


PACKAGED MODULAR CONTROL SYS- 
TEMS—Four-page Bulletin PS-5A_ de- 
scribes control systems and contains 
charts and photographs of systems for 
use in electronic control and _ related 
applications. Units in system include 
contactor-less control 
(consisting of standardized 


transducers, 
packages 


control boxes into which are plugged 
transistorized or magnetic pre-amplifier 
and power amplifier sub-systems) and 
modular linear or rotary actuators built 
from standard interchangeable parts. 
Airborne Accessories Corp. > 692 


EXTRUDED PLASTICS COMPOUNDS 
AND SHAPES—Four page brochure il- 
lustrates in silhouette many die shapes 
available for extruding plastics parts 
in either custom profile or hard and 
soft sheet form. Conneaut Rubber & 
Plastics Co. > 693 


SHAPED TUBING—Data Memorandum 
17 illustrates and describes tubing in 
square, rectangle, elliptical, oval and 
a variety of other cross sections. Ana- 
lyses in which shaped tubing is furn- 
ished include stainless steels, carbon 
and alloy steels, nickel and nickel al- 
loys, glass-sealing alloys, titanium and 
beryllium copper. Superior Tube Com- 
pany. > 694 


ELECTROLYTIC POLISH 


tion for producing a bright finish on 


Acidic solu- 


copper, copper plate or brass is de- 
scribed in 3-page Technical Data Sheet 
92. Work is used for anode at current 
density of 125 to 250 amp psf. Mac- 
Dermid, Inc. > 695 
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THERMO-KANTHAL 


THERMOCOUPLES 
ARE MORE STABLE 


Thermo-Kanthal is a product 


of world recognized 


Kanthal leadership in special purpose resistance and 
heating alloys. It is specifically designed to combat 
the problem of stability with age and use. Particular 
attention to the composition of the negative leg has 
resulted in a new order of accuracy and stability, 
particularly in the 1800°F to 2300°F range. 


Thermo-Kanthal couples meet all standard emf curves. 
No chonge in instrumentation is necessary. In addi- 
tion to operating savings, as in less recalibration, 
Thermo-Kanthal actually costs less initially. Write for 


detailed data today. 
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«2s. made more useful 
by MACALLEN 


Bonds of superior flexibility and adhesive strength unite the thin films of 
selected India Sheet Mica in MACALLEN Flexible Plate No. 7. Readily 
formed into desired shape without the use of heat, No. 7 is widely used 
for insulating armature slots, transformers, magnet and commutator 
cores, and field coils. It is one of the many MACALLEN Mica Products 
used for greater efficiency and economy by the electrical industry since 
1892. Find your insulation “answer” in our free Catalog 25. Send for 
it today. 


MAGAIARENEMINGA 


e ALL FORMS ° ALL QUANTITIES 
e ALL DEPENDABLE 


THE MACALLEN COMPANY, INC. 


Bay Road, Newmarket, New Hampshire CHICAGO: 565 W. Washington Bivd. 
CLEVELAND: 1231 Superior Ave. 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


New 


Components 
and Materiais 


A staff compilation of the latest developments 


. . screened for 


design-in use in electrically operated end products . . . complete 
with all released specifications and available application data. 


SILICON RECTIFIER 
PRINTED-CIRCUIT ASSEMBLY 


Series of rectifier assemblies can be 
mounted in any desired configuration 


on printed circuit boards. Diffused- 


junction rectifiers employed in assem- 
blies are available for single and three- 
phase power supply applications, in 
half-wave, doubler, 
bridge circuits. For environments of 
150 C ambient. Basic ratings, up to 
3 amp d-c output and 800 volts in 
single-phase assembly; 4.5 amp d-c in 
Components 
Div., International Telephone and Tele- 
graph Corp., Clifton, N. J. »>479 


center-tap and 


three-phase assemblies. 


ON-OFF INDICATOR 

Indicator with coil and armature con- 
struction is available with either point- 
er or enclosed hermetically sealed shut- 


a 3 


SS 


ter arrangement. Unit will operate 
directly on any voltage to 120 volts at 
frequencies from d-c to 2500 cps with- 
out rectification. Indicator weight, 3.7 


254 


gm; ambient temperature, to 350 F. 
Leetronics, Inc., 30 Main St., Brooklyn 
L; Bk. -> 480 


WIREWOUND PRINTED 
CIRCUIT CONTROL 


Modified standard 
Clarostat controls to printed-wiring ap- 
plications. Typical example is modi- 
fied-terminal Series 43, 144 in. diam 


terminals adapt 


wirewound control which mounts with 
cover down and terminals inserted in 
proper holes for dip soldering. Shaft 
is perpendicular to mounting position. 
Clarostat Manufacturing Co.,  Ine., 


Dover, N. H. > 481 


POWER TRANSISTOR 

Type 2N297A germanium p-n-p tran- 
sistor meets MIL-T-19500A /36. Power 
transistor ratings are V.,, 60 volts d-c; 
V.», 40 volts d-c; operating tempera- 


ture range, —65 to +95 C; P, (at 
75 C), 10 watts. Motorola, Inc., Dept. 
MPT, 5005 E. McDowell Rd., Phoenix, 
Ariz. > 482 


ELECTRONIC LIMIT SWITCH 


Switch senses and remotely limits posi- 
tion, weight, level or pressure. For 
applications where one or more trip 
points must be frequently reset as in 
sequencing and programming. Limits 
may be set to 0.2 per cent of full scale 


for standard units. System is composed 
of Setter and Sensor. Limit points set 
on individual dials or counters of Set- 
ter. Each dial sets precision potentio- 
meter in one leg of bridge circuit. Re- 
sistance in other leg of bridge is varied 
by Sensor which may be any resistance 
varying transducer. Frequently em- 
ployed Sensor is shaft-mounted unit 
(illustrated at right) which includes 
built-in potentiometer and choice of 
gear trains for full scale control of 
any number of turns of shaft on which 
Sensor is mounted. 

In typical 
coupled to scale pointer spindle in 


application, Sensor is 
batch weighing system. One dial sets 
“desired weight” and another dial sets 

When _ pointer 
weight” a_ relay 


“approach weight.” 
reaches “approach 
closes to reduce feed rate. When “de- 
sired weight” is reached second relay 
stops feed. For machine tools, similar 
control action sequences from infeed 
rate to feed rate to stop. The Jordan 
Co., Inc., 3235 W. Hampton Ave., Mil- 
waukee 9, Wis. > 483 


ONE-WAY MERCURY 
SWITCH 
Type UZW 


flow so that a momentary wipe contact 


switch controls mercury 


is produced when tilted 10 deg or more 
in one direction, with no contact upon 
return to original position. Variety of 
circuit arrangements possible by adding 
electrodes. Standard-size switch, 234 in. 
long. capable of carrying 5 amp at 115 


(Continued on page 257) 
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UNI-SEAL 


Patent Pending 


Unparalleled ease of installation and positive liquid- 
tight, dust-proof protection are built right into this 
new APPLETON Uni-Seal Hub. An exclusive wedge 
adapter pulls up tight in the knock-out hole to give a 
lasting metal-to-metal ‘‘cold-weld” seal with full assur- 
ance ofa perfect ground. Lasting resistance to vibration! 
Maximum wiring room because wedge adapter tightens 
down almost flush inside box! Insulated throat to pro- 
tect wiring! Single wrench installation! So . . . for 
cost-cutting wiring installation, specify APPLETON 
UNI-SEAL Rigid Conduit Hub! 


HOW IT WORKS... 


Eliminates Welding! 


Up to now when a tight box-hub seal was wanted, 
threaded hubs were attached by the costly, complicated, 


time-consuming method of welding. This gave a rough, 
frequently off-center result. Today, with APPLETON 
Uni-Seal Hubs, you get a liquid-tight connection 


Wedge adapter with threaded shank is inserted through 
junction box hole. Threaded hub with special locking edge 
on body is screwed down on adapter threads until box 


without welding . . . simply, easily and always uniformly 
centered. Application requires only a single wrench! 
Always a perfect ‘‘cold-weld" seal! And the 
wedge adapter is almost flush with 
inside box wall for maximum 
wiring room. 


metal is firmly gripped between adapter 
wedge and locking edge. A pull or two on 
the hub with a single wrench locks the hub 
in position permanently with a perfect metal- 
to-metal ‘“‘cold-weld” seal that does not 


Also available in vibrate loose. Rigid conduit is then screwed 
@ Union type. into hub. 
Pat. Pending 


These 4 Exclusive Benefits are YOURS...with APPLETON 


®” © #8 


New Insulated Throat! New Locking Edge en Body! New Wedge Adapter! increased Wiring Reem! 


An insulator insert provides complete protection Puts continuous pressure on wedge adapter! Bites Note adapter surface angle how design permits —_ Interior view of wiring box with installed UNI-SEAL 
against damage to wires from metal edges. No into outer box wall to eliminate loosening through it to tighten almost flush with inner box wall Rigid Conduit Hub showing how wedge adapter 
reduction in inside throat diameter. The complete vibration! No lock nut needed! Assures positive Maintains positive ground and a constant, liquid- tightens almost flush to provide maximum wiring 
answer where vibration is a problem! ground! tight, “cold-weld” seal when pulled down. room. No weid! No wrench required inside box! 


Sold Through Franchised Distributors Only 
APPLETON ELECTRIC COMPANY 


1701 Wellington Avenue Chicago 13, Illinois 
Also 
Manufacturers 
of: 
Switch Boxes 
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This Complete RBM 
Control Family 


is specially engineered for the 


air conditioning industry 


When RBM specially engineered its first air conditioning control, it 
quickly recognized the industry need for not just one... but 
for a complete family. So RBM has done the job. Now there is a single source 
for all magnetic air conditioning controls . . . each one meticulously te im pal a 
engineered g for its application. What’s your requirement? See RBM. 4 i re ah 
‘ + ey DO 


All PRICED TO MEET TYPE C—30, 40, 50 AMP. 


2-3-4 pole 30 amp.—600 volts. 2-3-4 


THE NEEOS OF VOL UME USERS pole 40 amp.—230 volts. 2 pole 50 


amp.—230 volts. Same mounting holes 
and coils for all ratings and pole forms. 


SERIES 128000 POTENTIAL 
sa GENERAL PURPOSE RELAY 98000 
STARTING RELAYS for starting single TYPE 80 CONTROLLER Specific Series AC or DC. Permits engineering short 


Fmee cepedior sort compressors. design for nominal 3 HP or 3-ton cuts lowering your "finished product” cost. 
single phase compressors. 


TYPE 75 Low cost power relay. SERIES 129000 SHUNT TYPE RELAY— 
Dependably handles up to 6000 W. at SPNO, SPNC or NO-NC For standard 
240 V., resistive load per pole. Com- commercial voltages. Other coils available for TYPE S—30—40 AMP. Low 
pressor rating 2 poles, 18 amp. running, special application. For heater, fan con- cost. Small size. Exceed rigid require- 
90 amp. locked rotor at 250 volts. trol, general circuit switching, etc. ments of industry's largest users. 


Tid = 1) (iad Application Engineer or Write for Bulletins 1030A, C-8, 1010A, 1060 and C-10 


RBM Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


Factories Located at Peru, North Manchester and Logansport, Indiana 
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volts with inrush overloads to 10 amp. 
Smaller sizes and tilt angles available. 
American Designed Components, Inc.. 
58 Maiden Lane, Jericho, N. Y. > 484 


COAXIAL TERMINATION 


Low-power Model TE-80 termination 
is designed for use over, the frequency 
range from d-c to 10 kme. Consisting 
of a resistive center conductor within 
coaxial housing, unit affords matched 
termination for VSWR measurements 
of coaxial components; standard im- 
pedance termination for coaxial devices 
such as directional couplers and_fil- 
ters; or laboratory impedance stand- 
ard. Power rating, 1 watt; impedance, 
50 ohms. Type “N” connector supplied, 
but other types available. Empire De- 
vices Products Corp., Amsterdam, New 
York. > 485 


TRANSISTOR HEAT 
RADIATORS 


Series of “Transicool” heat dissipators 
fit all JEDEC-30 packaged transistors. 


Material is copper or aluminum. Top 
flange disperses absorbed heat. Mark 
Co., Taunton, Mass. > 486 


HIGH-TEMPERATURE 
COAXIAL CABLE 


Coaxial cable will operate continuously 
at 1000 F and at higher temperature 
for short periods. Cable consists of 
flexible, metal-alloy-jacketed r-f coaxial 
cable with Series N, C or SC connector 
terminations. Cable core is modified 
semi-solid silica; inner and outer con- 
ductors are coated oxygen-free high- 
conductivity copper wire. Cable system 
can be bent around a 10 x mandrel. 
Nominal impedance, 50 ohms. Amphen- 
ol-Borg Electronics Corp., Cable and 
Wire Div., S. Harlem Ave. at 63rd St., 
Chicago 38, Ill. > 487 
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SYNTHETIC INSTRUMENT OIL 


Anderol L-281 oil is a medium-vis- 
cosity diester oil specifically for use 
in precision instruments. Physical char- 
acteristics of the synthetic lubricant 
include low evaporation rate. Lubri- 
cant temperature range, —75 to -}-350 
IK. Suggested applications for oil include 
precision bearings, electrical control 
boxes, electric motors and all types of 
instruments and timers. Lehigh Chem- 
ical Co., Industrial Lubricants Div., 
Chestertown, Md. > 488 


SILICON READOUT 
PHOTOCELLS 


Designed for computer and data pro- 
cessing equipment where rapid detec- 
tion of light passing through punched 
cards or tape is required, photovoltaic 
readout matrices feature response time 


of 10 microsec approx. Each matrix 
is multiple array of individually seg- 
mented silicon cells. Typical current 
generated is 300 pamp for 0.01 sq in. 
of active cell area at 1000 ft-c illumina- 
tion. International Rectifier Corp., 
1521 E. Grand Avenue, El Segundo, 
Calif. > 489 


MINIATURE WIREWOUND 
RESISTOR 


Resistor type RS 1% is rated at 44 watt 
up to 75 C ambient. Resistor, 0.338 
long x 0.071 diam, has silicone coating 
to provide protection from environmen- 
tal conditions. Values range from 1 
ohm to 6 k ohms depending on toler- 


| 


Consult 
Your Local 
Essex Product 


/ Application 


Engineers 


They can be your 
design assistants on other 
Essex Engineered Products. 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN. 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, lil. ® 


The basic relay and numerous contact forms, 
ratings and terminals variations are regular 
production items...have been “customerized” to 
solve almost every conceivable problem. Such 
versatility permits engineering short-cuts that 
lower your “back door” cost. 


Write for Bulletin 1060 
R-B-M Controls Div., Logansport, Ind. 


Ct 


WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, ind. [OM x 


ESSEX 
WIRE 


CORPORATION 


Late) ee 
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solutions to 
your special 
timing 


@ Versatile Hansen SYNCHRON Timing Motors 
have proved more dependable in meeting im- 
partial test requirements than competing motors. 
Such tests prove that Hansen SYNCHRON mo- 
tors deliver peak operating efficiency continuous- 
ly for as much as 12 years, and longer. 


Each of the 4 Hansen SYNCHRON Timing 
Motors shown here gives this kind of perform- 
ance ... and one could be the solution to your 
timing problem. Some of the wide variety of 
commercial and industrial applications include: 


ance. Tolerances are: 0.05, 0.1, 0.25, 
0.5, 1 and 3 per cent. Temperature 
coefficient, 20 ppm; operating tempera- 
ture range, from —55 to +275 C. 
Dale Products, Inc., Box 136, Colum- 
bus, Neb. > 490 


VARIABLE-INDUCTOR 
COIL FORMS 


timing machines; telemetering and transmission 
equipment; cam and valve switches; heating and 
air conditioning devices; recording thermom- 
eters; television cameras and equipment; and 
many others. 


Each of five sizes of ceramic coil form 
is centerless ground for close toler- 
ances in coil winding. Vibration-proof 
tuning available through Teflon washer 
inserted into brass mounting housing. 


applications... 


Self-starting and self-lubricating, these Hansen 
SYNCHRON Timing Motors operate efficiently 


HANSEN 
in any position. They pull from 8 to 30 in./oz. 


guarantee 1 to que - - at ter ipe ratures rar ging 


TIMING = from —40°F to +140 F and at speeds from 0.8 
to 600 r.p.m., 0.8 to 120 r.p.h. ... in clockwise 


MOTORS or counterclockwise rotation. More than 200 


types of output available. 


HANSEN ENGINEERING 

Your quickest and best solution to special timing 
application problems can be given by someone 
experienced in that field... an area in which 
Hansen engineers have been concentrating for 
more than 50 years. Lock nut, tapered on one end, me- 
chanically locks itself through its 
wedging action as it is screwed into 
mounting housing. Mounting hardware 
may be assembled to coil form at 
chassis without disturbing locking ar- 
rangement. A 4-terminal collar assem- 
bly can be placed against brass hous- 
ing to increase usable form length. All 
metal parts nickel-plated brass. Dele- 
van Electronics Corp., 77 Olean Rd., 
East Aurora, N. Y. 491 


For help on specific timing application or design 
problems, make use of the specialized experience 
of Hansen engineers. 


MOLDED CASE 
CIRCUIT BREAKER 


“M” frame circuit breaker meets re- 
quirements from 125 through 800 amp 
and is for use in panelboards, control 
centers and switchboards. Molded-case 
circuit breaker available with two or 
three poles and rated at 600 volts a-c 
and 250 volts d-c. Interrupting ratings 
are 50,000 amp at 240 volts a-c; 35,000 
amp at 480 volts a-c; and 25,000 amp 
at 600 volts a-c. UL approved. Con- 


HANSEN REPRESENTATIVES: 


THE FROMM COMPANY 
5150 W. Madison, Chicago, [ilinois 


H. C. JOHNSON AGENCIES, INC. 
Rochester, N.Y. * alo, N.Y. * Syracuse, N.Y. 
Binghamton, N.Y. © Schenectady, N.Y. 


ELECTRIC MOTOR ENGINEERING, INC. 
Los Angeles, Calif, © (WEbster 3-7591) 
Ockiand, California 


WINSLOW ELECTRIC CO. 
New York, N.Y. ® Chester, Conn. 
Philadelphia, Penn, * Cleveland, Ohio 


HANSEN 


MANUFACTURING 
COMPANY, INC. 


PRINCETON, INDIANA 


“4 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


THEY TOOK ADVANTAGE 


OF (NO MAINTENANCE) STATIC CONTROL 


Cutler-Hammer, Inc. and Arthur G. McKee & Co., 
American experts at control system and steel mill de- 
sign, respectively, have just paid due respect to the 
problem of servicing complex automatic equipment in a 
foreign land thousands of miles away. They have in- 
stalled CONTROL Switching Reactors and Transductors 
in the blast furnace automatic charging control de- 
signed for an Argentine steel company. Why? Because 
under normal operation, CONTROL Switching Reactors 
simply don’t wear out! Yet look what they do: (1) They 
sequentially count charges and other functions and 


register this information on the operator’s control 
panel; (2) through logic switching, they control and 
interlock the static skip hoist drive, the blast furnace 
large and small bell actuators, the automatic coke 
charging system, and the alarm system... tying them 
all into the operational cycle of the blast furnace. This 
is static control, so named because Switching Reactors 
have no moving parts. Totally enclosed, these high 
permeability magnetic devices operate in the gritty, 
corrosive atmosphere of the steel mill with never a 
shutdown for maintenance. Want details? Write us. 


THREE LITTLE WORDS=-logic, switch, operate 


If you want some insight into Cutler-Hammer’s insight, there are three 
words (above) to pay special attention to. Logic: CONTROL’s Switching 
Reactors are designed to take a variety of input signals to be fed into 
several isolated control windings and thus provide AND, OR, NOT, MEM- 
ORY and TIME DELAY sequences. Switch: Orthonol® cores provide stiff 


STATIC CONTROL: 
simple and standard 


From where do your signal pulses 
come? Limit switches? Push but- 
tons? Relays? Any transducer with 
an electrical output? The CONTROL 
Switching Reactor compiles them, 
remembers them, and then acts 
(logically) when the right one 
comes along. It’s a selective device, 
for by presetting it, you will insure 
its operating only upon the proper 
combination of signals. The result? 
A CONTROL Switching Reactor will 
replace a relay system, and once re- 
placed, you minimize maintenance 
and other old-fashioned worries. 
And there’s a size for every need up 
to 300VA output. There are CON- 
TROL reactors which operate from 
standard line voltages, others which 
deliver standard load voltages, and 
now there’s one which takes 120 
volts in and gives 120 volts out! Full 
details? Your copy of our catalog 
awaits your request. 


reactor which 


snap action going from “off” to “on” states. The power switching ratio is 
2500:1, even under 10% over-voltage conditions. Operate: There’s no need 
for auxiliary hardware. CONTROL reactors directly operate such loads as 
solenoids, motor contactors and magnetic clutches. They’re ideal for the 
solid state thryratron. They han- 
dle single loads up to 300VA. We 
have an engineering bulletin, giv- 
ing full details on the CONTROL 
drives the solid 
state thyratron. Write for a copy. 


| 
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CONTROL Switching Reactors 
in Cutler-Hammer system 


f 


Reliability begins with CONTROL, 
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FRIDEN MODEL SRW... 


\le 
does a problem that once 
was tedious, complex 


SQUARE ROOT 


...@ppears automatically 
in the dials of Friden 


Model SRW when you touch one key 


HERE HOW IT'S DONE 
Set number from which 2 Touch Square Root key 3 See root appear in dials. 


root is to be taken on corresponding to posi- This figure can be re- 
Friden SRW keyboard tion of decimal point tained on keyboard if 
in the radicand desired for further cal- 
culation. Need for copy- 

ing root is eliminated 


For the first time on any desk calculator Friden Model SRW pro- 
vides touch-one-key extraction of square root. This of course is in 
addition to all standard Friden Calculator features. Thus Friden 
Model SRW is The Thinking Machine of American Business PLUS. 
It performs more steps in figure-work without operator decisions 


than any other calculating machine. Can you use one? 


e 
.. WORKS THE WORLD'S 
qT] weil FIGURE-THINKING PROBLEMS 
AUTOMATICALLY 


Friden sales, service and instruction available throughout the U.S. and the world 
...Friden Silver Anniversary + 1934-1959 


Send for new Square Root Calculations Manual. Tells how 
calculating machine with unique automatic square root 
extraction feature does higher mathematics ineluding 
triangulation, statistics. Free—no obligation. 


FRIDEN, Inc. Dept. EM-1059 
San Leandro, California 


Please send Square Root Calculations Manual to: 
Nome 
Company 
Address 


a 


City Zone 
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struction features include: deionizing 
are chutes, silver tungsten contacts and 
interchangeable thermal-magnetic trip. 
Federal Pacific Electric Co., Newark 5. 
N. J. >492 


SOLDER WASHERS 


Rosin-flux-filled solder washers are al- 
loyed in all standard combinations of 
tin, lead, cadmium, antimony and sil- 


ver. Washers packaged in bulk, in 
individual containers or on mandrels, 
depending on size and fragility. Alpha 
Metals, Inc., 56 Water St., Jersey City 
4, N. J. —>493 


FOCUSING LIGHT SOURCE 


Light source with focus adjustment 
provides light spot at any distance 
from 12 ft to 5 in. Model LS-2, medi- 
um-range light source, is in cast-alum- 
inum housing 114 in. sq x 2'4@ in. 
long. Focusing system extends beyond 
housing 11%4, to 24g in., depending 
on focus. Six-volt lamp used. Six-inch 
connecting leads of AWG 18 insulated 
wire are brought out through 1-in. long 
nipple with 14 in. standard pipe thread. 
Farmer Electric Products Co., Inc.. 
2300 Washington St., Newton Lower 
Falls, Mass. > 494 


OILTIGHT PRESSURE SWITCH 


Switch for heavy-duty industrial appli- 
cations on machine-tool hydraulic sys- 
tems operates at pressures up to 5000 
psi. Type 836T unit has die-cast alumi- 
num enclosure and meets NEMA 12 
requirements. Pressure switch has cali- 
brated range scale and indicator to 
show operating pressure. Visible trip 
indicator shows when contacts operate. 

(Continued on page 264) 
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PUTTING MAGNETICS TO WORK 


Hold your frequency under fire (and ice)! 


New linear permalloy core keeps filters frequency-stable over 
a wide range of temperature conditions—at half the cost 


Designers of audio filter networks, faced with the high price 
of components and the need for frequency stability over a 
wide swing in ambient temperatures, can now benefit from a 
most significant development—the linear molybdenum perm- 
alloy powder core. 

The linear cores we’ve developed are used with polystyrene 
capacitors. This combination costs as little as half the price 
of temperature-stabilized moly-permalloy cores and the sil- 
vered mica capacitors with which they must be used. 

What's more, frequency stability is increased! For tempera- 
tures ranging from —55°C to +85°C we have observed fre- 
quency stability variations as low as 0.05%. This is consider- 
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ably less frequency shift than normally expected with tem- 
perature-stabilized combinations. 

We guarantee the temperature coefficient of these linear 
cores within a very narrow range! Information regarding 
sizes, prices and performance behavior awaits your request. 
Popular sizes, in 125 permeability only, available immedi- 
ately from stock. Magnetics, Inc., Dept. EM-74, Butler, Pa. 


MAGE TICS inc. 
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MAKE IT OF ALCOA ALUMINUM BECAUSE... 


Welded aluminum joints are posi- Ultrasonic welding. Newest of Pressure welding offers a good, 

tive and reliable and successfully the techniques for joining alumi sound metallurgical bond between 

resist corrosion and vibration num, it offers great promise in aluminum and certain nonferrous 
Photo courtesy of Allis-Chalmers many applications. metals. 

Mfg. Company.) 


These applications 
demonstrate the ease with 
which high-conductivity 


electrical joints can be made. 
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Numerous joining methods offer excellent service when 
joining aluminum for electrical use. The most important 
for electrical service are compression joining, bolting, 
soldering, brazing and welding. The choice depends on 
a variety of factors that must be considered by the de- 
signers and engineers who are doing the job. Equipment 
available, location of the joints, shape or size of the work, 
on-the-job or shop fabrication, all will have a direct bear- 
ing on the proper choice of method. There may be a choice 
of methods, but the choice of material is obvious—use 
aluminum. You’ll save money. 


Compression Joining—Excellent results are obtained 
by compressing aluminum fittings around the aluminum 
conductor to be joined. Special joint compounds are avail- 
able to break down the natural oxide film. This penetra- 
tion of the oxide film assures a good connection. Compres- 
sion joining is effective in joining aluminum to copper, as 
well as aluminum to aluminum. 


Bolting—Bolting offers an excellent means to attain low- 
resistance electrical joints. In a bolted connection, it is 
important that sufficient contact pressure be maintained. 
Aluminum nuts, bolts and washers are available for this 
type of service. Special electrical joint compound assures 
full exposure of bare metal and continues to protect the 
joint in service. 

Soldering—Aluminum is easy to solder. Slightly differ- 
ent techniques are employed than with conventional sol- 
dering, but once learned, there is no difficulty. Solders for 
aluminum are available in either soft or hard types. 


Welding— Practical welding processes include: gas, metal- 
arc, inert-gas shielded-arc, spot, resistance butt, flash butt, 
ultrasonic and pressure welding. The nature of the job 
will best determine which method should be used. The 
latest developments in welding techniques have made alu- 
minum as easy to weld as other metals. A special process 
makes aluminum-copper transition joints quite practical. 


Take advantage of the ease with which aluminum may be 
joined in the products you design and build. There’s a 
sales engineer near you who can offer competent advice. 
He’ll be pleased to put the talents of Alcoa’s Process De- 
velopment Laboratory at your service. Look in the Yellow 
Pages of your telephone book under “Aluminum,” or 
write to Aluminum Company of America, 2130-K Alcoa 
Building, Pittsburgh 19, Pennsylvania. 


, Your Guide to the Best 
in Aluminum Value 


ALCOA ; 
ALU AAI tag U AA For exciting drama watch “Alcoa Presents” 


every Tuesday, ABC-TV, and the Emmy 
Award winning ‘Alcoa Theatre” 
alternate Mondays, NBC-TV 


ALUMINUM COMPANY OF AMERICA 


Thermite welding. The parts to Bolted connections are simple Dip brazing offers a convenient 

be joined are set in a graphite and effective. Proper use of elec- production method of joining alu- 

mold and a thermal reaction is trical joint compound assures minum parts. Joints are perma- 
performance and protection. nent and strong. 
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The growing family of 
instrument servo components 


60 cycle Servomotors (1, 3, 5 and 10 watts) 
400 cycle Servomotors (3 and 15 watts) 
60 cycle A.C. Tachometers 
400 cycle A.C. Tachometers 
D.C. Tachometers 
Gear Reducers 
Vacuum Tube Servo Amplifiers 
SERVOPOT (Combination of: Servomotor, 
gear train, slip clutch and potentiometer) 


Available separately or in any combination | 


DIEHL Instrument Servo Components have 
been developed to offer maximum performance, 
flexibility and reliability at minimum cost. 
These are the basic servo system building 
blocks which enable our military and industrial 
customers to satisfy the demands placed on 
them for higher over-all response, accuracy 
and economy. Write for full details con- 
cerning any of these components. 


SINGER 


piel DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 


* AC SERVOMOTORS * AC SERVOMOTORS WITH AC TACHOMETERS * DC SERVO SETS 
* AC SERVOMOTORS WITH DC TACHOMETERS « AC AND DC TACHOMETERS * RESOLVERS 
*A Trademark of DIEHL MANUFACTURING COMPANY 
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Contact block has one NO and one NC 
set of double-break, silver-alloy con- 
tacts. Pressure switches use bellows in 
the five pressure ranges up to 500 psi 
and piston design for systems to 5000 
psi. Allen-Bradley Co., 136 W. Green- 
field Ave., Milwaukee 4, Wis. > 495 


BRUSH BLOCK ASSEMBLIES 


Series of molded, broom-type brush 
block assemblies are used for digitiliz- 
ers, encoders, switching commutators 


and slip ring assemblies. Brushes are 
grouped in tandem of three and _ six 
wires per track to assure electrical con- 


a> 
~*~ As 


J 


i 


tinuity. Insulating material meets MIL- 
M-14E, Type MDG, for temperatures 
over 400 F. Brushes are dimpled along 
a common point of tangency, parallel 
with the axis of commutator. Brush 
wires are spring temper gold alloy 
capable of carrying 100 ma of current 
per track. Airflyte Electronics Co., 535 
Avenue A, Bayonne, N. J. > 496 


PRESSURE TRANSDUCER 


Transducer is designed to measure 
gage or absolute pressures in the 100- 
10.000 psi range. Model TPH-175, dy- 
namically balanced transducer, em- 
ploys twin-spring linkage to eliminate 
pivots or bearings. Pressure sensing 
elements are twin bourdon tubes which 
actuate wiper of potentiometer giving 
either linear or non-linear outputs. 
Overall accuracy including linearity, 
friction and hysteresis is +2 per cent; 
resolution, as low as 0.25 per cent. 
Unit can withstand 55 to 500 eps at 
10 g vibration with less than 1 per cent 
error and 2000 cps at 25 g without 
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..- HYSOL 8610 is a use-proven molding compound 
which offers you all these money-saving advantages = 


LONG STORAGE LIFE — a minimum of one year at room temperature with 
no loss in molding qualities. 


EXCELLENT DIMENSIONAL STABILITY — less than 0.15% change after 400 hours 


at elevated temperatures. 


OUTSTANDING ELECTRICALS — maintains insulating properties over a 
wide range of temperatures. 


GOOD FLOW — excellent for molding inserts. 

LOW SHRINKAGE DURING CURE — reproduces mold dimensions. 

FAST CURE — cures in 60 seconds to 5 minutes depending on thickness of piece. 
LOW IN COST — 35.5% reduction in original price to quantity users. 


For complete technical literature describing this cost-cutting new 
epoxy molding powder write: 


ESSIVE 4 
o* ®o 


™% 


& 4 
HYSOL 
A a 


% 


o 


HOUGHTON LABORATORIES INC., OLEAN, NEW YORK 


Hysol of California Hysol (Canada) Ltd. 
So. Ei Monte, Calif. Toronto, Ontario 


Y% 
© 
. 
z 
Yo 
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& 
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*Emicay et 
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DE VINE solves impregnating permanent shift in calibration or dam- 


age. Overpressure to 100 per cent pos- 

~ ee : sible with negligible calibration shitt. 

problems in electrical industry Differential pressure version also avail- 
| able. Components Div., Fairchild Con- 


This compact installation is a trols Corp., 225 Park Ave., Hicksville, 


Devine vacuum system designed y : 
to impregnate ignition coils and i. ae mM. 2. > 497 
condensers. 


PRINTED-CIRCUIT 
BOARD TERMINAL 


Terminal for etched circuit and term- 
inal boards features a countersunk 
and knurled shank for electrical and 


DEVINE 
EQUIPMENT OFFERS: 
Higher Electrical Tighter “ Write for our new Cat- 
Efficiency Tolerances amigo mechanical contact. ““Vibrapruf” 
eee aiiattens Pacieenomerteen Impregnators”’ terminals —_— be staked or pressed - 
most phenolic board without counter- 


sinking hole. Terminals available in 
various types, finishes and sizes for 


Devine designs impregnating systems to meet any electrical industry problem, 
with any degree of automation. Send your samples to our Pittsburgh laboratories 
and let Devine engineers help you determine the type and size of impregnating 
equipment you require. board thicknesses from 432 to 542 in. 
Hu-Bar Terminals, Inc., 8721 Rindge 

re Rant; Ave., Playa Del Rey, Calif. > 498 


J.P. DEVINE MFG. CO. Hi@ 5 


49th St. & A.V.R.R. PITTSBURGH, PA. TTA TSS ‘ 
METALLIZED PAPER 


New York Office: 500 Fifth Ave., New York 36, N.Y. Phone: Wisconsin 7-769 CAPACITORS | 
Export Office: 50 Church St., New York 7 N.Y. Cable Address: “Brosites” Tubular axial-lead 50-volt capacitors 
Circle 246 on page 17 are hermetically sealed in metallized 
paper for low-voltage transistorized ap- 
plications. Type MQZF 50-volt capaci- 
tors have a temperature range from 
-50 to +-85 C. Ratings are from 0.047 
to 8.0 wf. Smallest size is 0.195 diam x 
11/16 in. long. Astron Corp., 255 Grant 


Ave., East Newark, N. J. ->499 


LACING TAPES 


Flat-braided lacing tapes made of Dac- 
ron and nylon have been developed 
for wire harnessing. Shrinkage per deg 
F temperature rise is 0.002 per cent 
with Dacron, and 0.004 per cent with 
nylon. Tapes are pliable, knottable and 


KESTER SOLDER 


The highest standards of manu-_ by industry on KESTER SOLDER. This 
facture and use of virgin metals acceptance has been carefully built 
exclusively have contributed to the up over the last 60 years. It’s a 
virtually single-minded insistence responsibility we don’t take lightly. 
WRITE today for complete 78-page Kester technical manual 
“SOLDER . . . Its Fundamentals and Usage.” 


KESTER SOLDER COMPANY 


4209 Wrightwood Ave., Chicago 39, Ill. * Newark 5, N. J. * Anaheim, Cal. * Brantford, Canada Gay 
OVER 60 YEARS’ EXPERIENCE IN SOLDER AND FLUX MANUFACTURING 
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Free from thermal fatigue 


New G-E medium-current silicon rectifiers 


Typical medium-current silicon 
rectifier — Soft solders are first ele- 
ments to fail by fatigue. Repeatedly 
stressed, solders begin to re-crystal- 
lize. When internal thermal resistance 
of device increases, temperature dif- 
ferential across joint goes up and 
causes even faster deterioration of 
solder. Finally, junction temperature 
reaches melting point or thermal run- 
Cees away condition and device fails. 


and seals 


ig New General Electric 1N2154-60 
series silicon rectifiers — Completely 
free of soft solder joints, both inside 
and out; proved free of thermal fa- 
tigue. 170°C cycling tests on large 
samples of the 1N2154 did not develop 
a single trace of thermal resistance 
deterioration at 30,000 temperature 
cycles. This is particularly valuable 
where loads are highly cyclical. 


AAA aaa aad 
AA Ae ae 


General Electric’s new 1N2154-1N2160 medium-current silicon rectifiers com- 
pletely eliminate a major pitfall of equipment design — thermal fatigue of 
internal solder joints. The new series offers the designer and equipment user 
these important advantages: (1) It can be worked right up to maximum cur- 
rent and junction temperature ratings, even on cyclical type loads. (2) A 
smaller heatsink can be used since no derating is necessary to compensate for 
thermal fatigue. (3) Thermal resistance remains constant, assuring long-term 
reliability. 

For complete technical data on Series 1N2154, consult your G-E repre- 
sentative. Or write General Electric Company, Semiconductor Products Dept., 


Section 5201059, Electronics Park, Syracuse, N. Ba 


Max. Allow. Transient Peak Inverse Vol 100 to Max. Allow. Forward Current (Single 25 
tage (Non-re-current 5 millisec. max. 800 volts Phase 145°C stud amperes 
duration) Max. Allow. Peak One-cycle 300 

Surge Current amperes 


Max. Allow. Peak Inverse Voltage 50 to Junct. Operating and Storage 65°C to 


(Repetitive) 600 volts Temperature Range + 200°C 


GENERAL @@ ELECTRIC 


Semiconductor Products Department 
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JUST THE 
PLIER FOR 
ELECTRONIC 


No. 208-6PC Long Nose 
Shear Cutting Plier 


Patent No. 2,848,724 J 
ff 


Here is a recently developed 
plier specially designed for 
electronic use. It will fit into 
confined space and the steel 
jaws hold clipped end of 
sheared wire firmly . . . noth- 
ing to wear out. 

The shear blade is at an 
angle of 15 degrees (the 
standard angle of regular di- 
agonal pliers). Shear principle 
assures smooth, continuous 
action without snap, prevent- 
ing shock which might dam- 
age transistors and other deli- 
cate components. For use with 
bare wire up to 18 gauge. 

See your electronic supply 
house or write for catalog. 


Shear principle 
requires less 
pressure. 


Pin keeps jaws 
aligned. 


Pointed nose 
reaches confined Steel jaws hold 
space. clipped end tight. 


Coil spring keeps 
jaws open. 


Designed to form 
loop at wire end. 


WRITE FOR CATALOG 101-A 


Klein 


Catalog 101-A, describing the 
208-6PC and many other Klein Pliers, 


ktein tools 


combo of maptitinn © ‘ 


will be sent on request. Write for a copy. 


Foreign Distributor: International Standard Electric Corp., New York 


Bat 14 By Pn 


Pe ee ee 
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are furnished in natural off-white color 
in 250- and 500-yd spools or 14-lb 
tubes. There are five tape widths from 
3/64 to 4 in. Bentley, Harris Manufac- 
turing Co., Conshohocken, Pa. ~»500 


MERCURY-WETTED 
CONTACT RELAYS 


Flat pack relay uses six switches with 
a single coil. Switches are mounted on 
printed circuit panel within 3.64 x 
3.125 x 1.046 in. case. Type HG6F 


relays can be stacked in line without 
interaction. Contacts rated at 5 amp, 
500 volts (d-c or rms). Product of 
voltage prior to closing and current 
prior to opening is 250 va max. G. P. 
Clare & Co., 3101 Pratt Blvd., Chicago 
45, Ill. >501 


COLD PUNCH LAMINATE 


Laminate Mark 10 10-01 may _ be 
punched at room temperatures. Cop- 
perclad laminate withstands 500 F 
solder bath for 40 to 60 see or 550 F 
for 10 to 20 sec; bond strength aver- 
ages 7 to 9 lb. Exceed NEMA XXXP 
and MIL-P-3115B Type PBE-P  re- 
quirements. Available unclad. The 
Richardson Co., 2830 Lake St., Mel- 
rose Park, Ill. >502 


WIREWOUND 
POTENTIOMETER 


Designed for operation to 165 C, this 
34-in. precision potentiometer is in a 
standard servo mount configuration. 
Features include all-welded construc- 


tion, both electrical and mechanical: 
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NEVW —per inch 


CARRIER AND LOW LEVEL PREAMPS —per dollar 


OFFER MORE RECORDING USEFULNESS —per channel 


Ww ITH the availability of these two new plug-in preamplifiers SPECIFICATIONS 
and associated MOPA, Sanborn 6- and 8-channel “850° oscillo- 


graphic recording systems can now record an even wider variety 
of inputs — wherever many channels are needed in minimum ee 
panel space, with no sacrifice in system accuracy or reliability 
The 850-1100A is a carrier amplifier-demodulator unit designed 
to work with resistance bridge, variable reluctance and differen- 
tial transformer transducers. Attenuator, smooth gain, position — | Input impedance 
and balancing controls are on the 2” x 7” front panel; input and 
output connections are provided at both front and rear. The 


850-1500A is a chopper amplifier with floating input isolated 
from a floating output, capable of measuring low level a 


DC-100 cps signals such as those from thermocouples and reese 
strain gage bridges. Design provides low noise operation, greater +0.5% of full scale 
120 db for 60 cps, 160 db 


freedom from ground loop interference and high common mode 
. : : : : oat . Common mode . 
rejection ratio. Required carrier excitation (2400 cps standard, for, OC with 3000 chew un 


600, 1200 and 4800 cps optional) and chopper drive (440 cps) es 
voltages are supplied by the 850-1900 MOPA, a dual-oscillator ol 


unit which can handle up to eight of each preamplifier. 


0-100 cps, —3db 


(data subject to change without notice) 


SQw SANBORN COMPANY 


‘ ‘ a Industrial Division 
Ask your Sanborn Soles-Engineering representative for complete 
facts on all "850" system units — or write the main office in Waltham. 73 Wyman St., Waltham 54, Mass. 
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To Get The Flexible Coupling 
Best Suited For Your Job... 


Save time, money and mis- 
takes, insure trouble-free 
performance . . . by using 
the Lovejoy Flexible Cou- 
galing Guide. You'll get the 
exact type and size for 
your particular application 
—plus all these Lovejoy 
features: 


No lubrication required. 


Simple, rugged construction— 
few parts, no intricate mecha- 
nisms. 


No wear on metal parts—the 
load is transmitted through 
cushions only. 


Double-life cushions—one half 
the cushions act as idlers, ex- 
cept on ‘reversing loads. Thus, 
a quick interchange provides 
a new set of cushions. 


Cushions engineered to load 
and service conditions. 


A maintenance-free coupling 
that is completely machined 
for ease and speed of align- 
ment. 


@ Act now! Send for your 
Flexible Coupling 
Guide today. 


REQUEST 
CATALOG 


| 
ins 

ae cour: 
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LOVEJOY FLEXIBLE COUPLING CO. 


4802 WEST LAKE STREET 


270 


Type L-070 is 
exactly fitted to the requirements 
of this gear pump 


Type C-152 gives 
maintenance and trouble-free performance in 


a portable power unit. 


A genuine selling 
feature of this cen- 
trifugal pump ts 
the spacer type RRL which permits quick, easy 
disassembly without disturbing piping. (Cour- 


tesy Dean Brothers Pumps. Inc 


The Type CF bolts 
directly to fly- 
wheel, reducing component requirements, 
cutting assembly time and providing a more 


compact unit 


° CHICAGO 44, ILLINOIS 
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precious metal contacts; power rating, 
3 watts at 65 C; standard linearity, 
0.3 to 0.25 per cent; flush glass-sealed 
terminals; steel front and 
rear ball bearings. Ace Electronics 
Assoc., Inc., Somerville, Mass. >503 


stainless 


MINIATURE PANEL METERS 


Meters with D’Arsonval movement are 
available as Type SC-030 (illustrated) 
with 0.890-in. diam face plate and hex 
nut mounting (or SC-031 with optional 


mounting). Accuracy, 5 per cent full 
scale. Magnetically-shielded 
offered in six d-c microamp sensitivities, 
18 d-c milliamp sensitivities and 18 
d-c voltmeter sensitivities at 1000 
Watertight meter has in- 
ternal zero adjustment. DeJur-Amsco 
Corp.. 45-01 Northern Blvd., Long 
Island City 1, N. Y. >504 


meter is 


ohms/volt. 


PRESSURE TRANSDUCER 


Series 401 
long x 1 in. 
vibration of +35 g at fre- 


measures | in. 
will 


transducer 
square. Instrument 
withstand 
quencies to 5000 cps. Pressure trans- 
ducer capsule 


employs diaphragm 


which actuates precision potentiometer 
wiper. Transducers available for abso- 
lute, differential and gage pressures 
from 0 to 5 up to 0 to 400 psi. Stand- 
ard potentiometer resistances are 2000, 
2500, 5000, 7500 and 10 k ohms. Colvin 
Ave.. 
>505 


Laboratories, Inc., 360 Glenwood 
East Orange, N. J. 


RERATED DRIPPROOF 
MOTORS 

Circulation of ventilating air within 
rerated Type KZK motor frames, 364U 
through 445U, is controlled by a series 
baffles (illustrated). 
Cooling air moves in spiral direction 


of integral-cast 


Two paths for cooling air are com 
pletely independent. Air intakes lo- 


cated low on end bells; air exhausts 
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A Design Guide to the 
Analysis and Synthesis of 
Switching Circuits and Logic Systems 


OCTOBER 1959 


Electrical Manufacturing’s 


comprehensive 5-article series on 


Boolean Algebra 


now reprinted for the second time 
to meet reader demand! 


An invaluable technique—boolean algebra—for every engi- 
neer who needs to analyze or synthesize switching systems in 
any medium, or design circuits directly from specifications. 


In this reprint booklet—handy for home study—ELEcTRICAL 
MANUFACTURING has brought together the complete series of 
tutorial articles by Boris Beizer and Stephen W. Leibholz, 
originally published in these pages, May—September, 1958. 


Here’s a quick run-down on the subjects covered: 


e Language and Laws of Boolean Algebra—Starting at the begin- 
ning, the authors examine the basic concepts of boolean algebra as 
a system engineer’s tool for understanding and designing electrical, 
mechanical and hydraulic switching systems. 


e Analyzing Combinational Circuits by Boolean Matrices and 
Karnaugh Maps—Here the authors deal with procedures for (1) de- 
riving the boolean function of multipath switching and (2) visualiz- 
ing and simplifying the boolean expression for any logical circuit. 


e Analyzing Specifications and Designing Circuits—Advancing a 
step further, the authors tell how to transform a set of requirements 
into synthesis maps for correcting contradictions or ambiguities, 
and how to synthesize the boolean functions of the final circuit from 
the corrected map analyses of the specifications. 


e Circuit Design Using Boolean Matrices and System Synthesis 
Using State Coding—Here the authors examine still other methods 
for achieving circuit simplicity, through use of boolean matrices. 
They explain how to draw state diagrams detailing desired switch- 
ing sequences. 


e@ Designing Sequential Circuits—When a circuit possesses “mem- 
ory,” the techniques of analysis and synthesis used for combina- 
tional circuits must be augmented. So here the authors deal with 
the two sets of equations that must be derived, one set describing 
each output, the other describing each internal secondary (feed- 
back) control. 


To round out this informative series an appendix has been in- 
cluded dealing with Tabular Reduction Techniques; also a selected 
bibliography containing 106 references to related articles. 


ORDER COPIES FOR THE STAFF! 


Engineering Applications of Boolean Algebra is published in an 
attractively bound edition of 68 pages, size 8%” x 11”. Nominally 
priced at $2.00 per copy; $1.80 each on orders for 5 to 25 copies. 
See page 230 for listings of Basic Science Reprints and other 
Design Compendiums. 


ORDER FORM 


ELECTRICAL MANUFACTURING 


Name _ 


205 East 42nd Street, New York 17, N.Y. 


Enclosed 


(cash); 
copies of the 


is our remittance 


Company 


(check) for 
68-page design compendium, “ENGINEERING APPLICATIONS 


OF BOOLEAN ALGEBRA." Mail copies (postpaid) to: 





MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


WHY CLASS ABEC 7 BEARINGS? 


Improved Running Quality in critical ap- 
plications is the reason why the An- 
nular Bearing Engineers Committee 
of the Anti-Friction Bearing Manu- 
facturers Association, Inc., has estab- 
lished Class 7 as the highest United 
States standard for manufacturing 
tolerances of miniature ball bearings. 
Originally available only on order .. . 
and at premium prices because of se- 
lection from ABEC 5 production runs 
... ABEC 7 bearings are now offered 
by New Hampshire Ball Bearings, 
Inc., as its minimum standard , 

at no extra charge. 

An_ item-by-item comparison of 
ABEC 5 and ABEC 7 standards 
clearly shows how closer tolerances 
improve running quality. 


(COMPARATIVE CHART) 


MEASUREMENT TOLERANCES 


ABEC 7 


Radial Runout (T1R) Max .0001”* 


Side Runout with Bore 0001” 
0.D. Runout with Side .00015” 
Parallelism of Sides .0001” 


Groove Parallelism 
with Sides 


0001” 


Groove Parallelism 
with Sides 


0002” 


Bore (1.D.) .00000” 


00015” 
0.0 


Width (Individual Rings) 


*ABEC 7 allows .0002” radial runout for outer 
ring. We hold it to .0001”. 


**ABEC 7 allows 005”. 


Radial Runout the sum of a ring’s 
out-of-roundness and eccentricity 

is functionally important. In critical 
high-speed applications, it affects bal- 
ance and true running. In precise gear 
trains, it affects backlash and some- 
times angular velocity ratio. In closely 
designed synchros and similar elec- 
trical equipment, it affects air gap 
control. Since most bearings operate 
with inner ring rotation, you’ll notice 
that ABEC 7 cuts the ABEC 5 allow- 
ance in half ... from .0002” max. to 
0001”. For the outer ring ABEC 7 
makes no change from Class 5’s .0002” 
max. However, modern race grinders 
work to a nominal zero runout and 
0001” max. may usually be expected. 
Our inspection tolerance, therefore, is 
.0001”. This gives outer-ring rotation 
applications the same advantages as 
for inner-ring rotation. 

Perpendicularity of raceway planes to 
axis of rotation is a highly desirable 
feature. Its probability is determined 
by the interrelationship of Side Run 
out with Bore (Inner Ring), O. D. 
Runout with Sides (Outer Ring), 
parallelism of sides and groove par- 


allelism with sides of both rings, when 
bearings are properly mounted and 
seated. If raceway planes are not 
perpendicular to the axis of rotation, 
stresses and torque peaks will be de- 
veloped within the bearing because 
of this misalignment unless radial 
clearance and enlarged raceway cur- 
vature are sufficient to compensate. 
This effect may be observed in clamped, 
preloaded duplex bearings by shifting 
the relative position of the rings, re- 
clamping and feel-testing. 

Notice that the five perpendiculari- 
ty features (2 through 6 in the chart) 
have much lower allowances in ABEC 
7 than in ABEC 5. These differences 
in angular inaccuracy mean much in 
running quality as bearings become 
smaller. For example, non-parallelism 
of .0002” on a 34” O.D, (R 2 bearing) 
represents an angular error of about 
2 minutes. But, on a 3/16 O.D. (R 1 
bearing), the same allowance means 
4 minutes of angular error. That’s 
why ABEC 7 reduces allowances by 
one half or more. The importance of 
minimizing angular error is also re- 
flected in the AF BMA tables of allow- 
ances, which are generally reduced 
within each class as size of bearing 
is reduced. 

Envelope Tolerances (7, 8, and 9 in the 
chart) make little or no difference in 
running quality. The only ABEC 
change is from bore tolerance of plus 
0, minus .0002 in Class 5 to minus 
.00015 in Class 7. This permits mount- 
ing bearings to a narrower spread of 
fits. Although ABEC 7 allows the 
same O.D. and width tolerances as for 
ABEC 5, we have reduced O.D. tol- 
erance to plus zero, minus .00015” 
and, together with other manufac- 
turers of instrument bearings, have 
reduced width tolerance to minus .001. 
The latter minimizes variation in 
axial spacing of assemblies. 

Other Factors that affect running quality 
of bearings are not covered by ABEC 
standards. They include: truth of 
raceway geometry, surface finishes, 
retainer design and finish, radial and 
axial play and some ball qualities. 
These are discussed in our design 
handbook. 


DESIGN HANDBOOK 
OFFERED FREE 


You'll find this up-to- 
the-minute, authorita- 
tive 70-plus-page pub- 
lication a great help 
in designing instru- 
ments or small electro- 
mechanical assemblies. 
Write to New Hamp- 
shire Ball Bearings, 
Inc., Peterborough 1, 
N. H. 


Micro Bearings 








feet. Motor 
frame is symmetrical. Fairbanks, Morse 
& Co., 600 So. Michigan Ave., Chicago 
5, Ill. >506 


located between motor 


THERMAL CIRCUIT BREAKER 


Protector 
ductive sensing element 
vated by ambient 
“Fil-Therm” interrupts 
when preselected ambient temperature 


non-metallic, 
and is 
temperature 
line current 


uses non-con- 
acti- 


only. 


independent of 
through 


is reached, current. 


Senses temperature case Ol 


structure or by convection 
unit. Non-resetting circuit 
breaker weighs 0.15 oz. Temperature 
ranges available, 100 F to 2500 F; sen- 
sitivity, +3 per cent of rated tempera- 
ture. Will 
a-c or d-c at any voltage or frequency. 
Withstands Electric 
strength terminals, 
1800 volts 1500 volts 
for 1 min. Filtron Co., Inc., Flushing 
55, NN. 2. >507 


mounting 
around 


carry currents to 10 amp 


25-amp surges. 


beween case and 


rms for 1 sec, 


MERCURY POWER RELAY 


Load-carrying, “hydrogen-arc-quench- 
ed” contactors having mercury to metal 
(tungsten) suitable for 
switching heavy motor loads. Two sizes 
are 60 amp for 6.6-kw load and 100 


amp for 10-kw loads. Contacts may be 


contacts, are 


NEW HAMPSHIRE BALL BEARINGS, INC., 


272 


PETERBOROUGH 1, NEW HAMPSHIRE | 
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It takes a TEAM 


to solve timing problems 


The control of time is an extremely complex science 
that demands a thorough knowledge of many individ- 
ual technologies. For this reason, Haydon maintains 
a team of engineering specialists to provide the reser- 
voir of skill, knowledge, experience, and creative abil- 
ity necessary to solve industry’s timing problems. 

When you submit a timing problem to Haydon, it’s 
handled by a team of specialists — not an individual 
engineer. And you can be sure the Haydon Timing 


Team is equipped with all the electric, electronic, me- 
chanical and manufacturing know-how needed to 


analyze your requirements and develop the best possi- 
ble new or modified timing unit for your specific 


application. 
Correctly designed and efficiently manufactured, 
Haydon timing devices are exhaustively tested before 


release to a customer. The results are uniformly high 
quality devices that are known for fine performance, 
and long life. May we put our Timing Team to work 


for you? 
A few units from the complete Haydon line are shown 
at the right. Send now for further information, out- 
lining your requirements. 
DIVISION OF 
GENERAL TIME CORPORATION 


Haydon 
2534 ELM STREET 


AT TORRINGTON 


TORRINGTON, CONNECTICUT 


ee 
is an Con, 
% 


. 
yy 
cs Haydon 


99938 


ale el £1 
AND TENTHS 


Py 
ELAPSED TIME 
INDICATOR 


ED-71 
Compact, low-cost instrument 
for machine tools, 
communications equipment and 
other commercial applications 
where an accurate record of 
operating time is desired. 

Time Registered: 9,999.9 hours. 
Weight: 5 oz. Voltages: 120 or 
240 v, 60 cps. Power Required: 


2.5 watts at 120 v, 60 cps. 


© 


TIMING MOTORS 


A complete line of synchronous, 
compact timing motors, speeds 
from 1/60 to 60 rpm. 
Guaranteed torques from 6 
ounce-inches to 30 ounce-inches 
at 1 rpm. Voltage ranges 
103-132 and 206-264 vac, 


50 or 60 cps. 


aes y 


INTERVAL TIMER 


Directly controls heavy duty 
electrical loads. Type AD can 
be supplied with up to 3 SPST 
oulenie. Type AT has 1 SPST 
switch only. Intervals available 
with dial and knob: 15, 60 and 
180 minutes. Intervals to meet 
your specific requirements can 
be supplied. Voltages: 120 or 
240 v, 50 and 60 cps. Switch 
Rating: 28 amps, 250 vac 
non-inductive; 1 hp, 240 vac. 


Headquarters for Timing 
Circle 253 on page 17 
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COLUMBUS 
ELECTRONICS 
CORP. 


welt 183 
DIFFUSED 
SILICON 
RECTIFIERS 


STUD y AXIAL LEAD STUD 
7/16—11/16 TOP HAT INSULATED 


Now .. . an extensive line of high 
performance, hermetically sealed, sili- 
con power rectifiers UP T0 35 AMPS. 
a em el ee ale 


Tbe TaN] 


SINGLE unit VERY HIGH VOLTAGE silicon 
CRM LULU MCMC 1 
are aCe 


HIGH LOW 
VOLTAGE FORWARD DROP 
up to 2000 PIV 1.5 Volts, DC 


EXTREMELY FORWARD 
LOW LEAKAGE CURRENT 
TMA up to 20 Amps. 


NEW 


INSULATED STUD silicon rectifiers 
offering these quality features... 
Simplify mounting 
Saves assembly parts & costs 
Obtain efficient heat transfer 


era lat hae (Si ea te hg 
AVAILABLE UP TO 10 AMPS PER UNIT AND 
UP TO 2000 VOLTS PIV. 
WRITE FOR FULL DETAILS 


COLUMBUS ELECTRONICS CORP. 
1010 SAW MILL RIVER RD., YONKERS, NW. Y. 
YOnkers 8-1221 © TWX-Yonkers, NY-1369 
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NO, NC or any combination of con- 
tacts. Various coil voltages available. 


Durakool, Inc., Elkhart, Ind. ->508 


SAFETY SWITCHES FOR 


| CARTRIDGE FUSES 


Light-duty 30- and 60- amp, 240-volt, 
switches have knife 
blades and spring-assisted release that 


visible copper 


| holds switch in OFF position. Fusible 


and non-fusible types available in 2. 


3 and 4 poles. Arrow-Hart & Hegeman 


| Electric Co., 103 Hawthorn St., Hart- 


ford 6, Conn. >509 


INSULATED BASE 


| SILICON RECTIFIERS 


Addition of 2.5- and 12-amp insulated- 
base silicon rectifiers to ‘Redtop’ recti- 


| fier line has been announced. All units 
| meet military environmental specs. The 


12-amp (at 150 C) rectifier surge rat- 


| ing is 240 amp; leakage, 2 pamp at 
| 25 C. Size of 12-amp unit is 1-5/64 in. 
| overall 


length, same as 6-amp unit. 
One-piece rectifiers use alumina-loaded 


| ceramic insulating wafer integral with 


stud mounting. Bradley Semiconductor 
Corp., 275 Welton St., New Haven 11. 
Conn. >510 


| STANDOFF INSULATOR 


Electrical insulator, for use with powei 
systems of 60 volts or less, has a high 
density phenolic resin section attached 
to die-formed 16-gage cadmium-plated 
steel base which has a %p-in. hole on 
either end for fastening the insulator | 
to framework or electronic chassis. | 
Brass insert with 14-20 tapped hole is 
located at top of insulator to receive 
screw for fastening section or compo- | 
nent to be isolated. Type B-1 standoff | 


| insulator will handle loads to 600 volts. 
| Available with or 


without mounting | 


base. With base removed, second brass | 


Hoffman 


OIL-TIGHT 
DUST-TIGHT 


ELECTRICAL 
ENCLOSURES 


geet 


WALL MOUNTED, 
in 18 stock sizes. 


#LOOR MOUNTED, 
in double door or 
multiple door 
units —11 

stock sizes. 


JIC 
NEMA 12 
PANEL ENCLOSURES 


Ideal for housing electrical controls, 
components and terminal strips. Note 
removable mounting panel. Neoprene 
gasket on door protects against dust, 
dirt, oil, water. Strong 

welded construction. No 

holes or open seams. 

Alsoavailable in NEMA 

types 1, 3, 4 and 5. 


JIC 
WIRING 
BOX 


Heavy gauge 

steel, welded 

seams. No knockouts or holes to 

leak oil, water or dust. Neoprene gas- 
keted cover with screw clamp makes 
tight oil-proof seal. Available with 
or without removable panel. 8 stock 
sizes from 4”x 4"x3" to 16”x 14’x6". 


PUSHBUTTON ,-==tsnunme 
ENCLOSURES 


A complete selection 
of types and sizes. 
Fine quality con- 
struction and finish. 
Welded seams. Cover 
has neoprene gasket. 
Holes take any 
standard oil-tight 
pushbutton. Types 
range from ‘“‘Stand- 
ard”’ as shown, to Extra Deep, Slim 
and Pendent. For one to 25 pushbuttons. 


@* 


OIL-TIGHT 
JIC SECTIONAL 
WIREWAY 


Fo 


Perfect protection tor * 

control wiring. Neoprene gasket 

on cover and between joints seals 

out liquids and dust. Easy to assemble. 
Full length hinged cover simplifies 
wiring installation or modification after 
installation. Stock sizes: 24y"x 244”, 
4”x 4” and 6”x 6” in lengths up to 10’ 
with Elbows, ‘‘T’’s, etc 


We also build enclosures to customer specifications 


ENGINEERING 
CORPORATION 
Dept. EM-125, Anoka « Minn, 
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from INDIANA STEEL 


NEW HIGH ENERGY ALNICO V-7 
PERMANENT MAGNETS ACHIEVE TYPICAL ENERGY 
VALUES OF 7 MILLION FOR THE FIRST TIME! 


For the design engineer with a special application problem 


Hyflux Alnico V-7 is a new high 
energy material now available for 
special applications requiring either 
greater energy per unit weight or 
volume, or equal energy from a 
lighter or smaller magnet. 
Compared with the previous en- 
ergy leader — Alnico V, new Hy- 
flux Alnico V-7 represents a sig- 
nificant advance in the energy level 
of permanent magnets. To show 
this, a portion of the Demagnetiza- 
tion and Energy Product Curve has 
been enlarged and depicted here. 
The curve for Hyflux Alnico V-7 
shows a typical energy value of 7.00 


nvr ALS 


ALINCO V-7 


TB AAG 
LEN 7 
CIV ts 


million. By comparison, Alnico V 
has a typical value of only 5.50 
million. 

The reason for this remarkable 
performance lies in the very high 
degree of crystal magnet orientation 
found in the material. As a result, 
Hyflux Alnico V-7 produces more 


magnetic energy per unit volume 
or weight than any other perma- 
nent magnet material presently 
available. 

Other characteristics of Hyflux 
Alnico V-7 are equally impressive. 
For example, residual induction 
(B,) is 12,750 gausses, and the co- 
ercive force (H,) is 765 oersteds. 
For Alnico V the B, is only 12,500 
gausses and the H. 600 oersteds. 
Improvements such as these point 
the way to important design break- 
throughs in many fields. 


When To Use Hyflux Alnico V-7 


A premium material, Hyflux Alnico 
V-7 is particularly suited for use in 
space age or other critical equip- 
ment requiring a greater level of 
energy, or where smaller size and 
weight without loss of energy is 
needed. 

1. Military Electronics. Use Hyflux Al- 
nico V-7 for light-weight ground and 
airborne generators and alternators 
(in a full range of frequencies). 

. Testing Equipment. Use Hyflux Al- 
nico V-7 in meters, recording instru- 
ments, oscillographs, magnetometers 
and galvanometers. 

. Miniature and Sub-miniature Com- 
ponents. Use Hyflux Alnico V-7 for 
missile-borne guidance and record- 
ing equipment. 


Designing With Hyflux Alnico V-7 
The nature of the material is such 
that orientation (and magnetiza- 
tion) must be straight, eliminating 
the familiar horseshoe shape. Cyl- 
inders, rectangles and other pris- 
matic shapes, however, are possible, 
as are certain conic or pyramidal 
frustums. Pole faces may be ground 
quite easily. Side surfaces may also 
be ground, but somewhat slower 
than normal. 


TYPICAL CHARACTERISTICS 
OF HYFLUX ALNICO V-7 


(in comparison with Alnico V) 
PROPERTIES 


Residual Induction 
(minimum) B, Gausses 


Coercive Force 
(minimum) H, Oersteds 


Peak Energy Product 
ByHymax x 10 


Peak Magnetizing Force 
Oersteds 3,000 


Weight 
(Ib per cu in) 0.265 0.265 


Mechanical Properties Hord- Hard 
Brittle Brittle 


For more information on new Hyflux 
Alnico V-7 and its role in the design 
future of your firm, write Dept. B-10. 


4 DEMAGNETIZATION AND 
ENERGY PRODUCT CURVE 


THE INDIANA STEEL PRODUCTS COMPANY 


Valparaiso, Indiana 
WORLD'S 


LARGEST MANUFACTURER OF 


PERMANENT MAGNETS 


INDIANA 
PERMANENT 
MAGNETS 


In Canada: The Indiana Steel Products Company of Canada Limited, Kitchener, Ont. 
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ACCURATELY 
REPEATABLE 
TIMING 


WITH 
INSTANTANEOUS 
RESET 


HEINEMANN’S 

NEW 
TRANSISTORIZED 
TIME-DELAY RELAY 


If your products call for reliable, accurately repeatable timing or 
sequencing . . . and if cost is a consideration (when isn’t it?), then have 
a look at the new Heinemann Trans-O-Netic* Time-Delay Relay. 

Built around a transistorized control circuit, this new type of relay 
offers exceptional performance capabilities at a surprisingly low cost. 
Time delay is adjustable from 0.5 to 30 seconds, with repeatability at 
any set delay better than +5%. Reset is instantaneous. These three 
features, alone, place the Trans-O-Netic way out in front of the field. 

But there’s more. The relay is inherently stable, so that there is only 
a negligible temperature effect on time delay over a tested operating 
range of 32° to 130°F. Single-pole, double-throw switching is fast and 
clean; wiping action assures long contact life. The entire unit is 
enclosed in a phenolic case to protect it from dust and dirt. 

More information? Certainly. Send for Bulletin 5300; it gives per- 
tinent details and specifications. 


HEINEMANN ELECTRIC COMPANY @ 99 Plum Street, Trenton 2, N. J. 


® *Trans-O-Netic is a trade name of the Heinemann Electric Company. S.A, 16 
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insert with 14-20 tapped hole is avail- 
able. Mullenbach Division of Electric 
Machinery Mfg. Co., 2100 E. 27th St., 
Los Angeles, Calif. >511 


MINIATURE CERAMIC 
CAPACITORS 


Capacitors are no more than 0.095 in. 
wide and fit within 1/10-in. printed 
circuit modular spacing. Capacitance 


values available in “Narrow-Caps” are 
100, 250, 500, 750 and 1000 pyuf. Tol- 
erance, +20 per cent. Body length of 
first four sizes, 0.250 max. Length of 
1000 ppf unit, 0.300 in. max. Tempera- 
ture range, 60 to +-125 C; power 
factor, less than 2.5 per cent. Mucon 
Corp.. 9 St. Francis Street, Newark, 
Nn: J, 512 


BISTABLE MAGNETIC 
AMPLIFIER 


Bistable amplifier for general use as a 
sensitive static relay is applicable to 
indicating and regulating systems. Op- 
erating from low-level sensing element, 
the amplifier will drive power amplifier 
stage to serve as regulating system, 
and can be used in both proportional 
and ON-OFF systems. Combining mag- 
netic amplifier and transistor bistable 

(Continued on page 281) 
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NEW 


PHASE-FAILURE RELAY RELIES ON 


DI-CLAD® EPOXY-GLASS PRINTED CIRCUIT 


Reliability of operation is the 
prime advantage of using CDF in- 
sulating materials. This reliability 
is amply demonstrated in a new 
phase-voltage-balance monitoring 
device produced by CDF customer 
Phase-Guard Co., and distributed 
by Stradley Engineering Co. 


Phase-Guard, a new pene erage puance 


monitor built on a CDF Di-Clad 
printed circuit. 

The Phase-Guard can be used 
to protect magnetically-controlled 
three-phase equipment that would 
be damaged if subjected to abnormal 
phase conditions such as single- 
phasing. In conjunction with a 
normally closed relay supplied from 
an external power source, it can 
even be used to monitor any three- 
phase supply line and sound an 
alarm when phase-failure occurs. 
Since this is a voltage-sensing de- 
vice and only sensory and control- 
circuit wiring is required, Phase- 
Guard needs no costly series load 
connections. 


8E epoxy 


CONTINENTAL-DIAMOND FIBRE 
NEWARK 13, DELAWARE 


Please send me the following CDF literature 


The printed-wiring board which 
forms the foundation of the Phase- 
Guard relay is made from a CDF 
Di-Clad laminate. The combination 
of epoxy resin and glass cloth was 
chosen for its outstanding physical 
and electrical properties. High 
mechanical strength for direct 
mounting of the relay was one 
requirement. Minimum moisture 
absorption was another. Heat-re- 
sistance, arc-resistance, and insula- 
tion resistance were other factors 
which led Phase-Guard to choose 
CDF Di-Clad® epoxy-glass copper- 
clad laminates for this tough 
mechanical-electrical part. 

Complete information on_ the 
monitoring device is available from 
Phase-Guard Co., Carnegie, Pa., 
or Stradley Engineering Co., Pitts- 
burgh. For information on CDF 
epoxy laminates, write to CDF for 
Bulletin 11,200. 


o > 
UNIQUE MATERIALS, MODERN 


METHODS FOR POWER- 
EQUIPMENT INSULATION 

Arc Chute | 
CDF offers the utilities the widest 
range of modern electrical insulating 
materials Celoron®, a molded 


phenolic, highly adaptable and 
rugged, as shown by the contact 


Name 


Contact Shaft Panel Board 


shaft (above, left) for an air circuit 
breaker; Dilecto® laminates (above, 
right) in completely fabricated or 
sheet, tube, or rod form; tapes of 
du Pont TEFLON TFE fluoro- 
carbon resin, silicone-rubber, or 
Micabond®; and other new and 
old materials that have proved 
themselves in severe service. 
CDF materials are readily fabri- 
cated, in any of CDF’s three modern 
plants or in your own plant. Write 
for free machining handbook. 
Look for CDF’s catalog in Sweet’s 
Product Design File, or send for 
literature pertinent to your interests 
and immediate needs. Better yet, 
send us your print or your problem, 
and we’ll return recommendations. 


o o % 
NEW CDF LITERATURE 


Information on new grades, special 
applications, and outstanding prop- 
erties of CDF insulating materials 
is made available regularly through 
CDF Technical Bulletins and Bro- 
chures. 

The following literature is new. 
For copies of any bulletins listed, 
send the coupon below. 

Epoxy Laminates 
Bulletin 11,200 
Di-Clad Laminates 
Bulletin 11,900 
Paper-Base Laminates 
Bulletin 11,110 
Celoron Molded Products 
Folder C-59 
Glass-Supported ““TEFLON” 
Folder GST-58A 
Polyester-Glass Laminates 
Folder PD-59 
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in Canada: 46 Hollinger Road, Toronto 16, Ontario 
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Epoxy Magnet Wire is ideal for encapsulated systems Epoxy Magnet Wire has high dielectric strength 


Mavnet Wire has high resistance to heat shock an erload Epoxy Magnet Wire is unaffected by transformer oils. 


COMPATIBILITY 

HEAT SHOCK RESISTANCE 
THERMAL STABILITY 

HIGH DIELECTRIC STRENGTH 


4 REASONS FOR THE OUTSTANDING INDUSTRY ACCEPTANCE OF 


EPOXY MAGNET WIRE 


BY ANACONDA 


There's good reason—4 good reasons in fact—for the 
immediate and widespread acceptance of Anaconda 
Epoxy Magnet Wire (Class B 130° C). 

First, Epoxy has proved its compatibility with virtu- 
ally every insulation system in use today. Most standard 
insulating varnishes can be used without degradation 
of the Epoxy film. Epoxy's high resistance to the effects 
of hydrolysis has made it * first choice” for use in totally 
enclosed’ systems. 

In addition to this outstanding compatibility, Epoxy 
offers other important properties: high heat resistance 

. unusual resistance to heat shock . . . high dielectric 
strength, even under conditions of extreme humidity 


. excellent flexibility and winding properties . . . out- 
standing adherence of insulation. And, from Anaconda, 
Epoxy Magnet Wire is available in a complete range of 
sizes—rounds, squares and rectangulars. 

Epoxy Magnet Wire, now in its fourth year of produc- 
tion, is an Aaasonde development. Its manufacture was 
preceded by seven years of careful research and study 
in the Anaconda magnet wire laboratories. Anaconda 
Epoxy has proved its ability to solve many serious ap- 
plication problems. Why not get data for your own 
magnet wire needs. Just ask the Man from Anaconda, 
or write for Epoxy Catalog No. C-101 to: Anaconda 
Wire & Cable Company, 25 B’way, New York 4, N. Y. 


ASK THE MAN FROM 


ANACONDA 


FOR EPOXY MAGNET WIRE 
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Will FEEDBACK 


figure in your future? 


Here is your chance to catch up with 
the latest mathematical techniques 
for analyzing servomechanisms and 
closed-loop systems. 


For convenient home study and on- 
the-job reference, you’ll want a per- 
sonal reprint copy of Ira Ritow’s au- 


thoritative 6-article series on 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This latest Ritow series—which was featured 
in ELECTRICAL MANUFACTURING, April 
through September—has been acclaimed as an 
outstanding contribution to the understanding 
of advanced servomechanism design. It is a com- 
prehensive treatment that will serve design engi- 
neers in dealing with the ever-increasing demands 
for automatic control in the operation of ma- 
chines, autopilots, communications systems, pro- 
cess control, appliances. 


To meet the continuing demand for reprints, 
the entire series has been combined in a 64-page 


Single copy case-bound reference manual. All articles are 


$3 presented in complete form. The book includes 
; a pertinent bibliography and an interpretive 
2 or more introduction by Staff Editor John Riggs. 
Order your personal copy now. Better yet, 
take advantage of the cost-saving quantity dis- 
count and combine orders for your associates. 


ORDER FORM 
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205 East 42 St.. New York 17, N.Y. 


Please send me copies of the 64-page bound reprint of the 


Ira Ritow series on AUTOMATIC CONTROL SYSTEM DESIGN. 


I enclose remittance (1) Check; [10 Cash) in amount of $ 


NAME TITLE 
COMPANY 


ADDRESS 


Here’s a quick run-down 
on the Ritow series .. . 


PART 1—Defines complex numbers 
and explains their algebraic manipu- 
lation. Also discusses the functions 
of complex variables, their integra- 
tion and differentiation, as well as 
the principles of residues in the study 
of analytic functions. 


PART 2—Here the author deals with 
a mathematical technique much used 
in the design of control systems; i.e., 
Laplace transformations. The article 
tells how the Laplace transform is 
used to solve a differential equation. 
Impulse functions and the Z trans- 
form are also reviewed with exam- 
ples of their use. 


PART 3—Having established the 
underlying mathematical principles, 
the author takes up here the fre- 
quency response and transfer func- 
tions of various devices and compon- 
ents used in servo systems. Pertinent 
examples discussed are the transfer 
functions of a pressure transducer, 
a tachometer generator and similar 
devices. 


PART 4—How the transfer function 
of a system is used in determining 
stability and response is the topic of 
this fourth part. Discussed here 
also are system analysis using the 
Nyquist criterion and the Bode dia- 
gram, together with examples of how 
system performance might be im- 
proved by specific design changes. 


PART 5—Here the author takes up 
the system equation (which relates 
output to input directly) and shows 
how this method is used to determine 
stability and performance. Various 
means (including Lin’s method) of 
solving the system equation are given. 
Also discussed here are Routh’s cri- 
terion for stability and the effect of 
transient response and error con- 
stants. 


PART 6—A description, with perti- 
nent examples, of the use of the 
root-locus method of system per- 
formance analysis. More sophisti- 
cated than other methods, the root- 
locus is also the fastest because of 
its use of graphical approximations 
in predicting transient response. 
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amplifier, the units have four control | 


inputs. Power output, 0 or 5 watts at 
24 volts d-c; sensitivity, 0.05 pw: 
average response time, 20 millisec: 
input impedance range, 1 ohm to | 
megohm; size, 3 x 5 x 7 in. Optional 
potentiometer-controlled reference sup- 
ply to permit amplifier to operate on 
base voltages other than zero. Westing- 
house Electric Corp., 256 Collins Ave. 
Pittsburgh 6, Pa. “P5135 


} 


DEPOSITED CARBON 
RESISTORS 

Ceramic-encased 1-watt precision re- 
sistor (illustrated) meets requirements 


of MIL-R-10509C. Carbofilm Type CPC | 


1, (RN 60B) resistor ranges are 10 | 


ohms to 1 megohm. 
Type CP 14 unit features the same 


resistance ranges in 14-watt size with | 


a formulated coating for protection 
against environmental conditions. Hi-Q 
Division, Aerovox, Olean, N. Y. 514 


MINIATURE RELAY 


Operating coils of hermetically sealed 
relays are ina separate sealed enclosure 
to reduce contact contamination, Arma- 
ture uses no return springs. DPDT con- 
tacts rated at 26.5 volts d-c, 2 amp 


resistive, for min of 100,000 operations 
at 125 C. Type A relay operating time 
is 5 millisec max at rated load with 3 
millisec release time. Meets MIL-R- 
25018 and MIL-R-5757C. Can be fur- 
nished with hooked wire terminals. 
Amerelay Corp.. New Hyde Park, New 
York. >515 


ENCAPSULATED RESISTORS 


Series EP precision wirewound resistor 
mounts on standard General Radio o1 
Superior Electric binding posts. Re- 
sistor lugs are available with silver o1 
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Spotliglting Reliability! 


MICRO-PROCESSED 
BERYLLIUM-COPPER 


“OY SPRINGS 


Exclusive Design 
Advantages 


|-S micro-processed beryllium 
copper springs, designed into 
control devices, relays, cir- 

cuit breakers, etc., result in 
improved performance and 

lower cost. Their high degree 

of uniformity eliminates the 
necessity of hand adjustment 
during assembly and is your 
guarantee of uniform performance. 


important Electrical 
Advantages 


1-S micro-processed 

beryllium copper springs 

receive laboratory-proven 

heat treatment, therefore 

they can operate at higher 
temperatures and carry more 
current with less temperature rise. 


prope mip teehee Ree oe nen epee s sed eens be saapsat”) 


THE Ideal SPRING MATERIAL 


Beryllium copper is an ideal spring material because of its natural 
inherent characteristics. It is non-magnetic, has the corrosion resist- 
ance of pure copper, high electrical conductivity, high wear resistance 
and a high endurance life. The temperature used to develop spring 
temper also serves to relieve internal stresses remaining from cold 
work. The ability to conform to jigs and holding fixtures during heat- 
treatment makes it particularly well suited for our specially designed, 
patented machines. The wire is placed upon the mandrel in an exact- 
ing manner, strictly in accordance with the engineered design. The 
springs are set to this design by heat-treatment while they are still on 
the mandrel. There is no spring back upon removal from the mandrel 
with the result that the springs are uniform, stable and free from drift. 


. . ‘ * . IN SWEET 
compression springs, flat springs, strip springs, contact fess 


rings, contact strips and screw machine products. — 


INSTRUMENT SPECIALTIES CO - INC 


“mICRO- -- PROCESSED” 


CALL OR WRITE FOR THE I-S CATALOG covering in detail Pr wees 


254 BERGEN BLVD. LITTLE FALLS, N. J. 
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BARBER 
COLMAN 


a-¢ g¢mall motors 


NOW 


a low-cost 
precision-made 
Barber-Coiman 
motor for 

fans, blowers, 


for use in appliances, 
vending machines, projection 
equipment, office machines, 
displays, toys, etc. 


® LOW NOISE LEVEL 


© LONG-LIFE 
ALIGNABLE 
BEARINGS 


AUXILIARY OIL 
CUPS AVAILABLE 
TO QUADRUPLE 
OIL CAPACITY 


New advanced production fa- 
cilities now make it possible for 
Barber-Colman to bring you 
this quality a-c small motor at 
Large oil reservoirs 
High starting torque 


Variety of mounting 
arrangements 


Stack thicknesses of 
9/16" and 15/16" 


Shaft diameters of 1/8" 
to 5/32" 


Hardened and ground 
stainless steel shaft 


High dielectric strength ie 
coils ——«— Phone or wire for complete de- 


Compact construction tails on this outstanding motor. 
Ratings to 1/200 hp 


lower cost in production quan- 
tities. Put it into your product 
to be assured that you are using 
a high-quality, precision-made 
motor that will give long, 
trouble-free service! Barber- 
Colman Company can produce 
these for you on fast schedules. 


FREE CATALOG HELPS SELECT MOTOR NEEDED 


Get the helpful condensed catalog of Barber-Colman shaded pole small motors. 
Contains complete descriptions of above motors, shows typical specifications, 
performance characteristics, control circuit diagrams. Write for your copy. 


BARBER-COLMAN COMPANY 


ept. V, 1203 Rock Street, Rockford, | 
Small Motors ° Automatic Controls ° Industrial Instruments ° 
Electrical Components ° Air Distribution Products ° 
Molded Products ° Metal Cutting Tools ° 


Aircraft Controls 
Overdoors and Operators 
Machine Tools ° Textile Machinery 
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gold plating. Maximum resistance, to 
25 meg; 0.5 watt to 2.5 watts; 400 to 
1200 volts max. Tolerance, to 0.05 per 
cent; size range, 4% to 1 in. diam; 
mounting centers, 1.460 to 3.085 in. 
Kelvin Electric Co., 5907 Noble Ave., 
Van Nuys, Calif. >516 


SMALL SOLDER PREFORMS 


Made of metals and alloys in the 
order of 99.999 per cent purity as well 
as standard Grade A metals and alloys. 


solder microforms are available in all 
shapes and sizes including disks, pel- 
lets, washers, wire, ribbon, spheres and 
sheets to individual requirements. An- 
chor Metal Co., Inc., 966 Meeker Ave.. 
Brooklyn 22, N. Y. >517 


SNAP-ACTION SWITCHES 


Miniature pushbutton switches, housed 
in an anodized aluminum case, mount 
by means of a 14-40 threaded bushing. 
Switches Series B7001 have diameter 
of 'l45 and overall length of 1-1¢,4 in. 


For 2 amp at 28 volts d-c or 120 volts 
a-c with life of 25,000 operations min. 
Plunger cap color optional. Silicone 
rubber boot for capping plunger can 
be supplied. Hetherington Inc., 1420 
Delmar Drive, Folcroft, Pa. >518 


SEALED TORQUE 
TRANSMITTER 

Hermetically sealed torque unit trans- 
mits rotary motion through a metal-to- 
metal seal by means of a flexible metal 
bellows. Transmitter weighs 0.87 02, is 
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THE MARK OF QUALITY 


VERSATILE, RELIABLE 


BARBER ELECTRICAL COMPONENTS 


RE 
2’ in. long and %4 in. in diameter. FOR YOUR PRODUCTS 


Minimum life, 100,000 revolutions; op- 
erating temperature range. —57 deg to a saa 

+125 C. Input and output shafts ball- ie eae precision d-c motors 
bearing mounted. No gaskets or sliding , 
seals are used. Hoffman Electronics 
Corp., 3740 So. Grand Ave., Los An- 
geles 7, Calif. >519 


Small, high-quality d-c motors for industrial 
equipment and aircraft control applications. 
Output up to 1/10 hp... permanent magnet 
and split series types . . . various mountings 
and speeds. Offered with gearheads or blowers. 


POLARIZED RELAY ve eG : : Radio noise filters available. 


Miniature DPDT relay uses magnetic 
latching to eliminate need for standby 
Sa ’ : hie a-c 400 cycle motors 
power. Relay armature is transferred ; ae als on ; 1 
from one fixed position to other by a BS Precision missile and aircraft a-c motors de- 
s signed to MIL-M-7969a. The capacitor type, 

four-pole motor features a balanced winding 

: oe permitting reversal with an SPDT switch. A 

quired to return armature to original ' ; 400-cycle brake is available. Typical rating 
is .020 horsepower at 9700 rpm and 83 watts 
input, intermittent duty. 


coil signal, and held) by permanent 
magnet; signal of opposite polarity re- 


tach generators 


For accurate speed indication and servo rate 
control applications. Supply up to 40 volts 
per 1,000 rpm within plus or minus 0.5% 
linearity. Standard temperature range is — 65 
to +200 F, but units have been made for ~ 65° 
to +500 F ambient. 


low-cost d-c motors 


siti Series 32. is rmeticd ‘ : : 
Ss oe 32 is hermetic yo High-quality, compact governed d-c motor is 
sealed, measures 0.800 x 0. 100, x 0.909 ; available in speeds from 1200 to 6000 rpm. 
in. high and weighs 18 gm. Vibration : Voltages from 3 to 30 volts d-c. Suited for 
rating. 30 g to 5000 eps. Available with <2) many battery-operated applications such as: 
: ; drive mechanisms in photographic equipment, 
marine navigation equipment, portable dictat- 
| i Rs ing machines, signal-seeking radios, tape 
for single-coil and 100 mw_ for each ee Sie * players, and portable instruments. 
coil of dual-coil version. Operating tem- ——_—— 


single or dual coils, relay has standard 
operating sensitivities of 50 milliwatt 


perature, 65 to +125 C. Operate 


time, 2 to 20 millisec, depending on polarized d-c relays 


overdrive. Contact rating, 2 amp for / Ree zs Ultra-sensitive polarized d-c relays capable of 
silver contacts; 0.5 amp for gold alloy . Y eee = Operating on Input powers as low as 40 — 
watts. Available with three types of adjust- 
ment: null-seeking ... symmetrical magnetic- 
latching . . . or conventional form C snap- 
acting. Can also be supplied with integral 
transistor preamplifiers. 


contacts, recommended for dry circuit 
operation. Mounting styles include 
plain can, stud, flange or plate mount- 
ing with “J” hook solder terminals, 
8-pin plug (single coil) or 10-pin plug 
(dual coil). Sigma Instruments, Inc., 
170 Pearl Street, South Braintree 85, 


resonant relays 
Mass. ->520 y 


; e © Characterized especially by low operating 

‘ ; ee = power and narrow band width. Coil impedance 

POINTER KNOBS , is high enough to be operated in the plate 

: . . i, circuit of a vac ube without impedance 
Small knobs, offered in regular skirted ties : reuit fia os uum tu h I 

matching devices. Can be supplied tuned to 


i skirted versions, are adaptable , 
ind unskirted versions, are adaptable any frequency between 115 and 400 cps. 


for use on miniature rotary switches. 
(Continued on page 284) 


wee TECHNICAL BULLETINS AVAILABLE on all of the above products. Write today for copies. 


BARBER-COLMAN COMPANY 


ra 


Electrical Components * Small Motors * Automatic Controls * Industrial Instruments 
Aircraft Controls ° Air Distribution Products ° Overdoors and Operators 
Molded Products Metal Cutting Tools * Machine Tools °* Textile Machinery 
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* Stationary Magnet 


electro- 
magnetic 


miniature 


CLUTCHES 


S:rvYle *Sm"* 


Installation - Proved Reliability . . 

Users’ expressed satisfaction on the long life and maintenance-free 
operation of the thousands of SM’s in use on their applications 
confirms the advantages of the heavy-duty design and construction 


features of these units. 


Wide Range of Size and Torque... 


Six Sizes (shown above) — 7%, 11%, 1416, 24%, 


254, 41/4, in. square. 


Max. Torques Range from 25 oz in. to 240 Ib in. 


V Check—Compare these $aving Advantages: 


1. Heavy-Duty Construction for 
long, trouble-free life. Heavy-gauge 
frame resists distortion. Solid-type, 
low-carbon “Armco” steel armature 
for greater strength and longer 
wear. Solid, molded, fully finished 
metallic and asbestos friction ele- 
ment for longer, efficient life than a 
thin cemented facing. All wear ele- 
ments can be quickly, easily re- 
placed, if required, at low cost. 

2. Fast, Easy Installation . . . sta- 
tionary field with flange-type 
mounting. Most sizes available with 
option of extended, ball-bearing- 
mounted driven hubs for integral 
sheave or pulley mounting. 


3. Self-Adjusting. 


4. No slip-rings or brushes to in- 
stall or maintain. Furnished stan- 
dard with 12-in. to 14-in. wire leads. 
Terminal block or plug-in connec- 
tions are optional. 


5. Moisture-, Corrosion- Resistant 
. coil is embedded in an epoxy 
resin compound—not merely coated. 
All metal parts finished with a 
chromate-converted zinc plating. 


6. Fast, Positive Actuation. 


7. Assures accurate, dependable, 
power or motion control energized 
by any adequate switching device. 


For Superior Performance— Reliability... Specify Stearns! 
Contact your local Stearns Representative for complete data and 
information on how to obtain prototype units for your specific installa- 
tion. Or write direct, stating specific application information. Request 


Bulletin No. 504-BE. 


a 
| A z 
| 
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C 
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ESET ELECTRIC CORPORATION 


120 NORTH BROADWAY 


MILWAUKEE 2, WISCONSIN 
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Series 50 knobs are available for use 
with 14-in. shafts. Thermoplastic point- 
ers are stocked in both mirror and 
matte black finishes. Colors may be 
obtained. Mechanical Components Sales 
Dept., Industrial Apparatus Div., Ray- 
theon Co., Waltham 54, Mass. >521 


ELECTRONIC TIMER 


Printed circuit timers for short-interval 
time control feature two heavy-contact. 
1PDT relays. Timer 5231B rated at 15 
amp, 115 volts, 60 cycles. Modified 


version available for 230-volt, 50- or 
60-cycle Single and dual 
timing ranges available: 0.02 to 1 sec. 
0.04 to 2, 0.05 to 3, 0.2 to 10, 0.4 to 20 
and 0.5 to 30 sec. Maximum standard 


ranges are 60 and 120 sec. Optional 


operation. 


remote dial setting is possible. Timer 
temperature range, 0 to 100 F. Auto- 
matic Timing & Controls, Inc., King 
of Prussia, Pa. »522 


THREE-WAY 
SOLENOID VALVE 


Series L3 valves control such media as 
water, inert gases, kerosene 


They mount in any posi- 


oil, air. 
and gasoline. 
tion directly to line, and operate on 
pressure differential of 5 to 150 psi. 
Effective orifice of valves, 24, 1% and 
34 in. In NO, NC and with directional 
standard and 
proof construction. 


control in explosion- 
Three-way valves 
offered in wide range of voltages and 
frequencies with many electrical op- 
tions. Naval forged brass bodies. In- 
ternal parts, stainless steel and brass. 

(Continued on page 286) 
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recorders make YOUR work 
easier with up-front control of all operations 


Work-saving “recti/riter” recorders place all 
routine adjustments and controls at your fingertips 
for maximum operator convenience. 


With the greatest ease and speed, you can... 


Raise the transparent, dust-proof door. . 
Make notes on “writing desk” area... 
Remove, tear off, or change chart paper... 
Flip the power switch... . 

Adjust zero position of writing pens... 
Make connections to front terminals . . . 
Select any of 10 chart speeds... 

Advance chart paper as desired manually .. . 
Check visible ink supply level or refill. 


And, of course, removal of the dust cover makes 


“~~ TEXAS INSTRUMENTS 


INCORPORATED 


every working part completely accessible — and 
removable — without further disassembly. 

Add to these convenient features true rectilinear- 
ity, side-by-side time-correlated traces readable at a 
glance, fast rise time, galvanometer dependability 
and +1% full-scale accuracy. Yes, and remember 
—only “recti/riter” systems (recorders and match- 
ing accessories) provide these wide ranges for 
recording electrical parameters: 


10 millivolts to 1000 volts 
500 microamperes to 1000 amperes 
Monitor standard frequencies — 40, 60, 400 cps 


Just a word from you will bring complete 
information on the “recti/riter” line. Inquire today! 


OTHER Ti/GSID PRODUCTS 
¢ Complete Geophysical Instrumentation 
* Measurement and Control Systems 


* Automatic Test Equipment 


GEOSCIENCES AND INSTRUMENTATION DIVISION 
® 3609 BUFFALO SPEEDWAY * HOUSTON 6, TEXAS « CABLE: TEXINS 
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TWICE ACTUAL SIZE 


New NE-82 shown with other G-E Glow Lamps 


LONGER ELECTRODES on G-E 
NE-82 Glow Lamp permit up to 


5 times higher current loadings 


The General Electric NE-82 Glow Lamp 
has controlled characteristics and was 
specifically engineered for higher current 
loadings—up to five umes higher than 
most other circuit Component glow 
lamps. Its lengthened electrodes insure 
a longer period of stable operation at 
higher loadings than glow lamps having 
shorter electrodes 


(up to 1.5 m.a.) 


Special techniques developed by 
General Electric bring the G-E NE-82 to 
a condition of stability; this helps the 
NE-82 provide uniform performance 
within established, predetermined limits 
The leads of the G-E NE-82 have been 
plated for soldering ease. The NE-82 also 
uses the new “formed tip” construction 
for minimum over-all length 


DIRECT CURRENT CHARACTERISTICS 


Starting Volts . . * > » 
Operating Volts (up to 1.5 m.a.) 


Extinguishing Volts (in series with .25 megohms or more). 


Design Current. . 


Life— Change in Starting and Operating Volts at 1.5 m.a.+ 5-Volts in 2,000 hours. 


62-7 8-Volts d-c 
50-60-Volts d-c 
50-Volts d-c 


1.5 m.a. 


Select the General Electric Glow Lamp best suited for your circuit requirements. 


For further information write for 
General Electric Co., 


“Glow Lamps as Circuit Components”’, 
Miniature Lamp Dept. M-903, Nela Park, Cleveland 12, O. 


Progress ls Our Most Important Product 
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Synthetic inserts and seals. Coated 
nylon diaphragm assembly. Skinner 
Electric Valve Division, 105 Edgewood 


Ave., New Britain, Conn. >523 


FEEDBACK WINDING 

RESOLVER 

Size 8 resolver is used with transistor- 

ized amplifiers for solution of spherical 

triangles in cascaded resolver chain. 
ath a 
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Functions of spherical triangle which 
can be produced are indicated in il- 
lustration. Functional error, 0.1 per 
cent or less; stator input, 15 volts at 
400 cps; rotor and compensator out- 
put, 13.7 volts; phase shift with stator 
as primary, 20.5 deg; max null volt- 
age, 1 mv/v. Clifton Precision Products 
Co., Inc., 9014 W. Chester Pike, Upper 
Darby, Pa. >524 


MINIATURE INDICATOR 
LAMP 


Lamp designed for 10-volt, 15-ma bulbs 
may be used for flip-flop and transistor- 
ized readout circuits. Model DU Color- 
Lite base holds bulb so that bulb end 
projects in front of panel. No lens or 


other part is in front of bulb to reduce 
illumination. Nylon rim (available in 
5 colors) in front of panel provides 
color identification and receptacle in- 


| sulation. Both flange body and screw 


body models are being manufactured. 
Type 334 lamp available in 115 body 
and type configurations for various 
panel illumination applications. All 
models have nylon coding collars be- 
hind panel. Sloan Co., 4029 Burbank 
Blvd., Burbank, Calif. >525 


ROTARY SWITCH 


Up to 48 separate circuits may be 
switched with 6-section configuration 
R-8 switch. The switch 
driven inde- 
pendently of operating shaft at high 
speed making a fast break and make. 
Entire takes place 
within enclosure. Contact rating at 28 


using Type 


employ s contact roller 


action 


switching 
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DESIGN DATA NOW AVAILABLE 
ON ARMCO’S NEW ORIENTED M-5 


Design curves on magnetic properties of low core loss, high perme- 
ability Armco Oriented M-5 permit maximum use of its advantages. 


New Armco Oriented M-5 has a maximum core loss of 
only .58 watts per pound at 60 cycles and 15 kilogausses. 
In addition, it has materially higher permeability at high 
inductions than any oriented silicon steel previously 
available. 

To give designers the information they need to effec- 
tively utilize this special Armco Electrical Steel, its mag- 
netic properties are detailed in a series of design curves. 
A Product Data Bulletin on Oriented M-5 contains curves 
on core loss, exciting RMS volt-amperes per pound, and 
d-c magnetization at both high and low inductions; d-c 
hysteresis loops at various peak inductions; a-c perme- 
ability; and other pertinent properties. 

Get your copy of this Armco Bulletin and see how 
you can use this new Armco Oriented Electrical Steel 
to reduce the size and step up the efficiency of distribu- 


tion and high performance transformers. Just write us 
or mail the coupon. 


ARMCO STEEL CORPORATION 
3239 Curtis Street, Middletown, Ohio 


Send me a copy of your data bulletin on Armco Oriented M-5 


Name 
Company 


Street 


ARMCO STEEL 


Armco Division * Sheffield Division * The National Supply Company * Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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for Stampings with the Plus. 


ELECTRICAL 


Whatever Your Field 
Check DE-STA-CO 


ELECTRONIC 
PHOTOGRAPHIC iM 


DE-STA-CO—stampings since 


HARDWARE 
AUTOMOTIVE 
AIRCRAFT 


Sy 


19156—today THE name in 
toggie clamps 


De-Sta-Co has been recognized for over 
25 years for its leadership in the field of 
production clamping devices. Today, our 
engineers are creating improved and special 
toggle clamps to meet your specialized 
production problems in every field. Over 130 
models, types and sizes, stocking distributors 
everywhere. Send for catalog. 


ORIGINATORS OF 
PRODUCTION 


eg 


Our range of stamping production has made De-Sta-Co known as 
an important source from coast to coast. We're regular suppliers 
to the most widely diverse industries—electrical, electronic, 
photographic—refrigeration, heating and ventilating—hardware, 
automotive, aircraft. All of these require top quality—and we take 
off our hats to none—but in addition to quality they want De-Sta- 
Co’s other pluses: service, integrity, modern equipment, second 
operation facilities, ample inventories of all common and many 
unusual materials. Our know-how is as extensive as you'll find 
in the business and the big pluses we give you gratis! 

Next time, check with De-Sta-Co for stampings, prices and 
PLUSES! Prints, samples or detailed letter will get you fast 
results. Qualified representatives from coast to coast. Write for 
the name of the De-Sta-Co man in your area. 


De-Sta-Co is widely known for toggle clamps, stamp- 
ings, precision washers, spacers, shims, shim and 
Seeler stock, blower housings and marine specialties. 


_ 298 MIDLAND AVENUE e¢ DETROIT 3, MICHIGAN 
LAMPING 


HEATING—COOLING 


DETROIT STAMPING COMPANY 


volts d-c or 115 volts a-c; continuous 
25 amp resistive. Inductive, 15 amp; 
overload, 50 amp. Maximum switching 
per section: 1 pole—8 position—8 cir- 
cuit, 2 pole—4  position—8 circuit. 
Contacts are silver with coin silver 
contact bars. Bridging or non-bridging 
contact bars, stops or continuous rota- 
tion can be supplied. Action is positive 
on maintained positions. Standard 
Electrical Products Co., Costa Mesa, 
Calif. »526 


CIRCUIT BREAKING 


| CONNECTOR 


Weather-resistant connector may be 
used to replace safety switch. QuelArc 
connector has long insulating patns 
which resist moisture and current-car- 


=/7 


- 


rying dust. Partitions between male 
contacts increase length of insulating 
surfaces to prevent arcing from pole 
to pole and from poles to ground. 
Compound circuit-breaking arc cham- 
bers within connector ensure snufting 
and cooling while plug is still engaged 
in receptacle housing. Plug can be in- 
serted and withdrawn under full load 
condition at rated current to 600 volts 


a-c. The Pyle-National Co., 1334 No. 


Kostner Ave., Chicago 51, III. >527 


| DUAL OUTPUT 


REFERENCE SUPPLY 


Supply CVR-610 can deliver 6 ma or 
10 ma at 1.5 volts d-e by shunting and 
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BELDEN 


MAGNET WIRE HANDBOOK 14 


1960 Edition 
Now Available 


Over 90 pages... handy desk and pocket size (4%” x 7%") one wire source for everything electrical and electronic 
A special feature dealing with ‘'Factors Involved in Selection 

of Magnet Wire"' 

A discussion of *‘Winding Tensions"’ 

Performance data on all types of magnet wires 

Dimensional tables on all types of magnet wires... including santa cing 

bare aluminum, bare copper, and tinned copper CHICAGO 

Ask for no-charge copy of Belden Magnet Wire Handbook 14 


BELDEN MANUFACTURING COMPANY lead wire « magnet wire « power supply cords e 
P. O. Box 5070-A, Department 10 cord sets « portable cordage « electronic wire « 
Chicago 80, Illinois automotive replacement wire and cable « 

1-1-9 aircraft wire « electrical household replacement cords 
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TERMINAL SPREADERS 


for better cable and harness wiring 


For your multiple connections 
to terminal blocks—here’s the 
greatest time- and money-saver. 
Simply clamp multi-conductor 
cable at either end of spreader 
and solder wires to each terminal 
lug. Then connect spreader to ter- 
minal block by sliding spade-type 
lugs under binder screws of termi- 
nal block. Disconnecting is just as 
simple. In three sizes, with max- 
imum of 22, 23 and 26 terminals. 


CATALOG...Write for big 
Kulka Terminal Blocks catalog 
covering outstanding line of ter- 
minal blocks and other wiring 
specialties. 


KULKA ELECTRIC CORP. 


Westinghouse 
100-amp ‘Tri-Pac’ 
circuit breaker 


Fibsiloy 
Aad 


633-643 So. Fulton Avenue 
Mount Vernon, N.Y. 


withstand very high interrupting 
current on ‘Tri-Pac’, 
smallest 100-amp breaker 


“How much short-circuit current is available?” 

As an answer to this problem, Westinghouse engineers devel- 
oped the “Tri-Pac” in 100-ampere frame to handle fault poten- 
tials up to 100,000 amperes. This is the smallest 100-amp device 
on the market. 

Let-through current is far in excess of the normal breaker 
interrupting rating and is of brief duration. This means that 
electrical contacts on the “Tri-Pac” are exposed to a very high 
current for a very short period —a tough assignment for any 
contacts! 

Westinghouse found that Gibsiloy W-10 silver-tungsten con- 
tacts do the job. Excellent conductivity and high resistance to 
electrical and mechanical wear make these Gibsiloys ideal for 
the “Tri-Pac.” 

For complete data on all Gibsiloy contacts made of silver, 
tungsten, copper, nickel, palladium and other materials, write 
to Gibson. Similar experience in manufacture of W-10 silver- 
tungsten contacts approved by Westinghouse for “Tri-Pac” is 
available to solve your electrical contact problems. 


Ba. 


Gibsiloy W-10 silver-tungsten 
contact used in 
Westinghouse ‘Tri-Pac’ 


See our catalog in Sweet's 
Product Design File 
or write for Gibson 
Catalog C-520. 


oA ‘a J 
MAE ee IIE VI IOE,T I: an Vd, 


Gipson Etectric COMPANY 


BOX 590, DELMONT, PA. 
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reconnecting the output posts. Output 
is held to 0.1 per cent over input volt- 
age changes of 90 to 130 volts and 
frequencies of 50 to 60 cps. Perform- 
ance Measurements Co., 15301 W. 
MeNichols Rd., Detroit, Mich. >528 


COMPACT MULTIPLE- 
CONTACT CONNECTORS 


Plugs and sockets, with 20 to 100 con- 
tacts in multiples of ten, have contact 
resistance of 0.020 ohms and 1000 


f 


megohm insulation resistance. Wiping- 
action contacts rated at 4.5 amp. Volt- 
age rating, 930 a-c rms or 1300 d-c 
between adjacent terminals. Capaci- 
tance, 0.75 puf between adjacent con- 
tacts. With locking device and option- 
al caps. Cinch Manufacturing Co., 1026 
So. Homan Ave., Chicago, III. >529 


ELECTRO-MAGNETIC BRAKES 


Miniature brakes for fhp applications 
can be mounted directly to small 
motors and gear train housings. Brakes 
are available in three sizes from 1] to 
2 in. OD with brake torque from 10 
in.-oz to 15 in.-lb and power consump- 
tion of 2 to 4 watts. Can be supplied 
to brake when electrically energized 
or when de-energized. Coils available 
for 6, 12, 28, 48 and 100 volts d-c. 
Brakes meet applicable military speci- 
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This is ASCO’s new long-life solenoid. Unlike ordi- 
nary solenoids where plunger rides loosely in the sleeve 
this device is precision manufactured to tolerances of 
+ 0005”. A rugged machine tool bearing guides plunger 
to provide accurate, smooth stroking. There is virtually 
no wear—almost unlimited solenoid life. 

If your application calls for a precision solenoid that DC pull type 
must operate consistently and indefinitely, investigate solenoid, 
this new long-life ASCO design. ASCO solenoids are ; - a Coen Suty 198 volts. 
available to meet a wide variety of applications. For a 
additional information contact your ASCO engineer or yo r operation 
write for Catalog 57-S5. against gravity. 


PULL IN POUNDS 


Automatic Switch Co. Hs \w4¥ 


50-M Hanover Road, Florham Park, New Jersey e FRontier 7-4600 
AUTOMATIC TRANSFER SWITCHES + SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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PALNUT* Lock NUTS and FASTENERS 
El ° ° : t, 


one or more of these assembly parts or operations 


‘Separate Ordinary 
: aling Washers Tapped Nuts 


oo 


Oy 2 
Drilling Annular 
Holes Grooves 


Spring tempered steel Palnuts, with the dependable 
double-locking thread form, are available in many 
stock types and sizes to meet practically any assembly 
need. Here are typical advantages: 


e Low cost—less than other locking devices, often less than plain nuts. 


© Easy, fast assembly with ordinary manual or power tools, extra fast 
with Painut Magnetic Wrenches. 


@ Save Parts. One Painut replaces 2, 3, even 4 parts according to 
application 


@ Save Space by eliminating auxiliary parts. 
© Save Weight— up to 85% reductions in fastener weight. 


© May be removed and re-used. 


FASTENERS for Unthreaded Studs, Rods, Pins, etc. 


SELF-THREADING NUTS PUSHNUT® FASTENERS 


Save threading costs. Form Simply push on unthreaded 
their own deep, clean threads studs, rod, wire or rivets. Strong 
while tightening on studs of any spring grip resists removal 
malleable material, including Save threading, grooving, drill- 
aluminum or zinc die-cast; also ing for cotter pins, Low in cost, 
rods, shofts, wire or pins of fast assembly. Many types 
steel, aluminum, brass or plas- and sizes. 

tic. Fast assembly with stand- 

ord tools. Vibration-proof grip, 

whether seated or unseated. Re- 

move and reuse on same studs. 

Sizes for Ve", 4", %" and ’" 

dia. Write for Bulletin 585-A. 


Write for Catalog 573-C and Free Samples, stating type, size and application. 


THE PALNUT COMPANY, 66 Glen Road, Mountainside, N. J. 
in Canada: P.L. Robertson Co., Ltd., Milton, Ont. 


Quick, secure fastening at low cost 
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fications. Dial Products Co., 19 Cottage 
St., Bayonne, N. J. > 530 


HIGH TEMPERATURE 
WIREWOUND RESISTOR 


PW15 (15 watt) resistor offers a re- 
sistance element wound on glass fiber 
core. Resistor available in values from 


r 


1 ohm to 25 k ohms with standard 10 
per cent tolerance, or 5 per cent on 
special order. International Resistance 
Co., 401 No. Broad St., Philadelphia 
8, Pa. “Posi 


TEFC BRAKEMOTOR 


Brakemotors are available in ratings 
from 1 to 30 hp and frame sizes of 
182 through 326U. Frame, endbells, 


cooling fan and fan cover are cast 
aluminum alloy. Drive motors can be 
standard squirrel cage, wound rotor o1 
“Fluid Shaft.” Reuland Electric Co., 
Alhambra, Calif. >532 


CERAMIC TRIMMER 
CAPACITORS 


Group of trimmer capacitors, which 
meet MIL-C-81A, are designated as 
Type 833 trimmers. Six units are avail- 
able with capacity ranges of 1.5 to 
7 wef, 2 to 6 uuf, 3 to 12 unf, 4 to 
30 puf, 4.5 to 25 pyuf and 7 to 45 ppl 
through 180-deg rotation. All are rated 
at 600 volts d-c; power factor, less 
than 0.2 per cent at 1 me. Centralab, 


(Continued on page 296) 
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cooling fan of its size! 


ROTRON MOFFIN FAN 


Unlike conventional or phonograph motor assemblies, the 
MUFFIN FAN boasts a high air performance of 100 CFM 
free delivery from a basic package only 4-11/16” square 
and 114” deep and weighing just 1.2 pounds. 

Power requirement is 105 to 120 VAC, 60 cycles, single 
phase. Electrical connections made to convenient terminal 
lugs accepting standard 18 gauge lamp cord. Completely 
original aero-dynamic design permits operation through a 
dust filter and tightly packed electronic equipment. Airflow 
instantly reversible by turning fan end-for-end. 

The MUFFIN FAN is a completely integrated cooling unit 


ee) 


Pe STATIC 
PRESSURE 

- \NCHES 
OF WATER 


ROTRONE ROTRON mfg. co., inc 
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consisting of propellor, stator assembly and venturi block. 
It is also available in combination with a grille assembly and 
all-purpose mounting clips to form a complete package. 
Unbelievably thin, the MUFFIN FAN can be installed fn sec- 
onds in cabinet cutout, imposing practically no space re- 
quirement within the enclosure. 

Cool economically...the MUFFIN FAN can be supplied 
at a price less than $8.00 per unit in quantity. The low 
cost, high performance, compact size and maintenance-free 
design provide efficient air cooling previously unobtainable. 
Write for complete details... 


WOODSTOCK, NEW YORK «© ORiole 9-2401 
In Canada: The Hoover Co., Ltd., Hamilton, Ont. 
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BROAD 


with these conven/ent, precision 


NEW AMPLIFIER! 


SPECIFICATIONS 


(When plugged into -hp- 150A/AR Oscilloscope) 


CURRENT CHANNEL 
Band Pass: 
Sensitivity: 


Max ac Current: 


Max de Current: 


input Impedance: 


VOLTAGE CHANNEL 
Band Pass: 


Sensitivity: 


input Impedance: 


GENERAL 
Vertical Presentation: 


Vertical Position: 
Price: 


50 cps to 8 MC. 

10 calibrated ranges, 1 to 1,000 ma/cm, 
1, 2, 5, 10 sequence. Accuracy + 5%. 
Vernier between steps (extends 1,000 ma/ 
cm range to at least 2,500 ma/cm). 

10 amperes rms 20 KC and above. Below 
20 KC core saturation reduces current 
capability proportional to frequency. 
Direct current to 42 amp has no appreci- 
able effect. 

Approx. 0.01 ohm shunted by 0.8 uh. 


dc coupled: dc to 10 MC, 0.035 usec rise 
time. 

ac coupled: 2 cps to 10 MC, 0.035 usec 
rise time. 

9 calibrated ranges, 0.05 to 20 v/cm; 1, 2, 
5, 10 sequence. Accuracy + 5%. Vernier 
between steps. 

1 megohm (nominal), 30 uuf shunt. 


(1) Either voltage or current signal con- 
tinuously or (2) voltage and current signals 
sampled at 100 KC or on alternate traces. 
Each channel individually adjustable. 
$430.00 (includes current probe). 


Just clamp on probe and 
read current instantly! 


dp 154A Voltage/Current 
Dual Channel Amplifier 


The new ® 154A’s exclusive “clamp-around” probe per- 
mits fast, direct measurement of current from 50 cps to 
8 MC, 1 ma to 15 amperes (peak-to-peak) without break- 
ing into the circuit, loading, or voltage drop due to 
resistor insertion. Here is a time-saving convenience 
feature of real significance in the investigation of tran- 
sistors, logic circuits and other measurements where 
current information is of prime importance. 

In addition, the 154A — actually two instruments in 
one—makes possible swift, simple and direct comparison 
between voltage and current waveforms. In this com- 
parison service, one section of the 154A reads current 
while the other reads voltage in a manner identical with 
other ® voltage indicating instruments. Comparison is 
achieved by electronic channel switching—through al- 
ternate sweeps or 100 KC chopping. Either of the 154A’s 
dual channels may also be used individually. 


now offers better-than-ever service 
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the utility 
EWN worn 
150 A/AR oscilloscopes 


amplifiers and accessories 


é 152B Dual Trace Differential Amplifier. New plug-in am- 
plifier providing differential input and dual traces electronically 
switched between A and B channels at either 100 KC or on alter- 
nate sweeps. Sensitivity range 0.05 v/cm to 50 v/cm, input attenu- 
ator with 9 calibrated ranges in 1, 2, 5, 10 sequence and vernier. 
$250.00. 


@ 153A Very High Gain Amplifier. New plug-in permitting ® 
150A to be used for many direct measurements from transducer 
without preamplification. Pass band de to 500 KC, sensitivity 1 
mv/cem’ to 125 v/em, balanced input on all ranges. 15 calibrated 
ranges in 1, 2, 5, 10 sequence, 1 mv/cm to 50 v/cm; plus vernier. 
$125.00. 


é 151B High Gain Amplifier. For 150A high gain unit with 5.0 
mv/cm sensitivity, frequency response de to 10 MC. 12 calibrated 
ranges on 1, 2, 5, 10 sequence, 5 mv/cm to 20 v/em; accuracy + 
5%. Vernier adjustment. 1 megohm input impedance with 31 uuf 
shunt. Pass band rise time 0.035 usec. Has 2 BNC terminals. $200.00. 


é 196A Oscilloscope Camera. All new, most useful scope cam- 
era ever. Full-size, distortion free pictures; full picture area may 
be scaled. Simple multiple exposures; with one hand move lens 
through 11 detented positions. Pictures sharp, clear, compare to 
CRT resolution. Professional bellows prevents light leaks; easy 
tab pulling; set f-stop and shutter without removing camera from 
scope; mount on scope with one hand. Employs Polaroid® Land 
Camera back, new flat Wollensak 3” f/1.9 lens. Wt. 9 lbs. $425.00. 


@ AC-115A Oscilloscope Testmobile. For 150 series oscillo- 
scopes but fits others. 4” rubber tired wheels, heavy chrome tube 
construction, tilts ’scope to 30° in 7%° increments, folds for stor- 
age, shipping. $80.00 ® AC-116A Storage Unit fastens to ® AC- 
115A, holds 150A plug-ins or ® AC-117A Accessory Drawers. ® 
AC-116A, $22.50. ® AC-117A, $10.00. 


Data subject to change without notice. Prices f.o.b. factory 


NOW! ® IN EUROPE! 
In May, 1959, Hewlett-Packard S.A. was estab- 
lished in Geneva (a branch has since opened in 
Frankfurt am Main) offering technical sales and 
engineering help and information. Previously 
established relationships with representatives 
in other parts of Europe of course continue. In 
addition, there is a new - @- warehouse in Basel 
HEWLETT-PACKARD COMPANY stocking instruments and parts, and an -@ 
factory near Stuttgart will soon be producing - @ - 
1002 Soe “SaNNDTbn® 2 enon Goan U.S.A. instruments for customers throughout Soe. 
Hewlett-Packard S.A., Rue du Vieux Billard No. 1, Geneva, Switzerland 


Cable “HEWPACKSA” « Tel. No. (022) 26.43.36 
to our customers in Europe! 
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for custom rubber parts 
to your exact requirements 


a 


a 


4.» 


’ 


... specify STALWART! 


Channels or chicken pluckers ... 
washers or weatherstrips ... you 
name it and we'll make it! And we'll 
produce it to meet your most pre- 
cise design specifications! Stalwart 
offers you a complete rubber parts 
service ... Rubber Engineers develop 
your special compound from natural, 
synthetic or silicone rubbers . . . Lab- 
oratory Technicians pre-test actual 
performance ... our own completely 
equipped Tooling Department pro- 
duces the necessary extrusion dies... 
skilled Production Personnel operate 
the latest rubber machinery for max- 
imum economy, dependable delivery 

.. and our Quality Control Depart- 
ment protects your interests! This 
means you get higher quality at a 
lower cost ... the result of nearly 40 
years of fabricating experience! To 
solve tough rubber parts problems... 
cut assembly costs, specify Stalwart. 


Write today for complete information. 
Ask for your copy of Stalwart Catalog SR-59. 


TALWART 


RUBBER COMPANY 


Manufacturing facilities in 


8423-SR 


197 Northfield Road * Bedford, Ohio 


Jasper, Georgia and Bedford, Ohio 
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Div. of Globe-Union, Inc., 900 E. Keefe 
Ave., Milwaukee 1, Wis. > 533 


DIFFERENTIAL TRANSFORMER 


Miniature variable unit, for use as dis- 
placement transducer, has null of less 
than 100 microvolts with 3-volt 400 cps 


co 


input. Sensitivity, 2.7 mv/mil-deflec- 
tion. Linear range, +0.005 in. Overall 
length, 0.468 in.; bore size, 0.125 in. 
Cores for encapsulated differential 
transformer Model DT-401 are inter- 
changeable. Toroid Coil Winding, Inc., 
171 Coit St., Irvington 11, N. J. 534 


f 


CRYSTAL-CONTROLLED 
INVERTER 


Model P301 static inverter supplies 30 
va and operates directly into a center- 
tapped motor load. Input is 28 volts 
d-c; output is 100 volts at 60 eps to 


10 ke. Inverter operates two- or three- 
phase motors when suitable phase net- 
work is used. Hermetically sealed unit 
employs germanium semiconductors. 
Size, 1 x 27% x 3%4 in. Westamp Ince., 
11277 Massachusetts Ave., Los Angeles 
25, Calif. >535 


MIL COUNTER 


One revolution of counter driveshaft 
registers 10 mils in 14-mil increments 
on face of instrument; 640 rev of drive- 
shaft indicates 6400 mils or 360 deg. 
Adding function associated with clock- 
wise rotation, while movement in op- 
posite direction will subtract; this 
order can be reversed. Minimum life 
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METAL 


TERMINAL a “ TV Cords 


Y Radio and 
Lamp Cords 


ROYAL -3=- 


Tool Cords 


__ WIRES MARKED| POWR @ 
~~ PERMANENTLY. ...| 


EVERY DESCRIPTION FOR MARKING a 

LEADS, AND GROUPING WIRES . 

TERMINAL TAGS are rapidly replacing obsolete chia and paper identi- 

fication methods—they mark the end of identification problems! Made Heater Appliance Cords 
of aluminum, steel, brass, or zinc, in a variety of styles and sizes. 

TERMINAL TAGS are easy to apply, and are used in the manufacture 


of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.O. Box 9-254, NEWPORT, KY. PHONE COlonial 1-2035 
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Electronic 
Communications 
Cords 


Bonded | 
Rolls ae 


Bonded rubber feed rolls by Garden 
WILBOW help the new 


Speed APECO “‘Auto-Stat" make Lighting Cords 


copies three times faster 





Paper ! : en 74 Stock or custom constructions in rubber, neo- 
a r . . . . 
" i prene, plastic or braided jackets with molded-on 
Feeding aa caps, connectors, strain reliefs or special attach- 
BIBS ments. All cords are engineered, produced and 
quality-controlled in our own plant . . . for end- 
The American Photocopy Equipment Company's new ~ ia 
; -end se 4 er e 
*Auto-Stat” produces sharp black and white copies in to d SSEVECS dependability to ae your 
one fast step rather than two as required by conventional quantity and delivery requirements. Write to have 
copying machines. In developing the unique paper feed- | our representative call. 
ing system that makes this possible, their engineers 
turned to WILBOW for the precision feed rolls shown ROYAL ELECTRIC CORPORATION 
above ... neoprene rubber bonded to stainless steel Pawtucket * Rhode Island 
and cadmium plated shafts. 
WILBOW specializes in producing rubber covered 
rolls of all types and sizes. What- ROYAL 
ever your roll requirement, check MANUFACTURES 
W ILBOW first . . and send for Giz WIRE, CABLE, POWER SUPPLY 
your catalog today. CORDS, FUSES, EXTENSIONS, 


The WILLIAMS-BOWMAN RUBBER Co. nme 


1953 South 54th Avenue * Cicero 50, Illinois * (Chicago Suburb) 
Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro= 
an associate of 


ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal 
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ECONOMICAL PROTECTIVE 
COATINGS FOR BRASS, 
ZINC, CADMIUM, COPPER 
ALUMINUM 


The Chemical Corporation 
offers a complete line of 
uniform-controlled chromate 
conversion coatings that pro- 
vide maximum protection in 
one, low-cost, simple opera- 
tion. Available for immediate 
delivery as liquid or powder. 


Always Specify Luster-on — 


FOR BRILLIANT CORROSION- 
RESISTANT FINISHES... 


rivaling chrome for many appli- 
cations where cost is a factor. 
Long-lasting, easily controlled 
application. 


FOR CLEAR, BRIGHT and 
IRIDESCENT COATINGS... 


gives striking, attractive appear- 
ance with complete corrosion- 
protection ...even when humidity 
and handling are involved during 
processing. Also yellow iridescent 
and olive drab for concealed parts 
or as a paint bond. 


FOR DECORATIVE COLOR... 


on low-cost zinc. Brilliant golds, 
yellows, blues, greens, violets, 
reds, brass and copper hues. 


FOR ALUMINUM... 

where surface hardness is not of 
prime importance. Excellent fin- 
ish for paint bonding. 


FOR LASTING BRIGHTNESS... 


on both copper and brass without 
noxious fuming. 


FOR DIE-CASTINGS... 
one quick dip provides uniform 
finish, ideal as a base for painting. 


We'd like to show you what 
Luster-on can offer you! Send in 
sample part today for free proc- 
essing. Data sheets on request. 


Luster-on _.. . the first and still 
the finest in conversion coatings. 


iy 
Ee 


RACE OPO 


63 Waltham Ave., Springfield 9, Mass 


Circle 277 on page 17 








of 4-oz counter is 1 million driveshaft 
rotations at 1200 rpm. Will pass humid- 
ity and standard 50-hr salt spray tests 
and meet military requirements for 
shock, vibration and corrosion resist- 
ance. Counter operates over tempera- 
ture range of —55 to +85 C. At —55 
C maximum torque required on drive- 
shaft is 1 oz-in. At room temperature, 
0.5 oz-in. Numerals count to 6399 and 


then repeat. Veeder-Root Inc., Hartford 
2, Conn. > 536 


VARIABLE DELAY LINE 


A continuously-variable delay line with 
40 turns has less than 1 millimicrosec 
resolution time and more than 10 micro- 


sec total delay. Rise time less than 10 
per cent of the time delay at any point; 
attenuation in db approximately 0.8 
times total time delay. Size, 1 x 2 x 7 
in. Types available with total delay 
from 1.5 to 10 microsec; characteristic 
impedance, 50 to 300 ohms. Ad-Yu 
Electronics Lab., Inc., 249-259 Terhune 
Ave., Passaic, N. J. >537 


CRYSTAL-CAN RELAY 


Low-level up to 5 amp contact rating 
is a feature of Type JH-6D DPDT 
miniature relay with 0.05-ohm initial 
contact resistance. For minimum oper- 
ate sensitivity, relay can be adjusted 


frm OD 


to pull in at 100 milliwatts with maxi- 
mum contact rating of 5 amp non- 
inductive at 29 volts d-c. Temperature 
range, —65 to +-125 F. Operate time. 
10 millisec; release time, 5 millisec at 
rated load. Available with plug-in. 
printed-circuit or hook-type solder term- 
inals. Allied Control Company. Inc., 


2 East End Ave.. New York. ->538 


ELECTRON BEAM TUBE 
SHIELD 


Tube is located within Netic Co-Netic 
magnetic-field shield using a resilient 
casting compound for potting. If max- 
imum isolation is required, outer shield 





electric 
motion 
contro/ 
FACTS 


for 
IDEA 
MEN 


Electric brake positions 
reciprocating tool accurately 


The sketch shows how a Warner electric 
brake was mounted to a spindle motor on a 
honing machine with the armature keyed to 
the rotation and reciprocation drive pulleys. 
The problem was 
to stop the tool at 
its uppermost posi- 
tion in the honing 
cycle and eliminate 
possible interfer- 
ence with the work- 
piece during the / Motor Shaft 
unloading opera- 
tion. Actually, the workpiece drops away 
from the tool, but on deep hole work it 
would be impossible to unload if the tool 
were to stop at random 
positions or at the bot- 
tom of its stroke. 
Sometimes the tool 
itself is used to locate 
the workpiece before 
clamping, as when gen- 
erating a bore square 
with the faces; and then 
the tool is automatically stopped at the bot- 
tom of the stroke. The Warner electric brake 
eliminates overshooting otherwise caused 
by inertia of the high-speed mrotor and me- 
chanical drive mechanisms. 


Rotohon and reciprocotion pulleys 


Brake circuit for spindle drive 
110 Volts -- 60 Cycles 


To pick up circuit 
for honing cycle 


Contoct B (reloy) 





Relay 1 is energized by an auxiliary circuit 
to start spindle through motor starter M. 
Relay 1 contact B opens the electric brake 
power supply, which applies a controlled 
d-c voltage to the coil. The magnet attracts 
the armature which floats on pins mounted 
to the pulley adapter. This puts drag on the 
spindle. When the tool reaches the desired 
position, switch 1 is open, de-energizing the 
motor. Relay 1 is still energized so the arma- 
ture and magnet lock, stopping the tool 
instantly. 


Send for more IDEAS 


Ask for factual application sheets showing 
how machines are improved by electric 
brakes and clutches. 


G2 


WARNER 


ELECTRIC BRAKES 
AND CLUTCHES 


Warner Electric Brake & Clutch Co 


Beloit, Wisconsin 
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dA 
HOUR 
DELIVERY 


OF TRIMPOT” 
POTENTIOMETERS 


900,000 STOCKED BY DISTRIBUTORS AND FACTORIES 


Immediate ‘‘off-the-shelf” delivery is available of the entire line of standard Trimpot potentiometers — 20 basic models ...4 terminal types... 
3 mounting styles! More than 1 million units are stocked by franchised distributors across the nation and at Bourns plants in Riverside, 
California and Ames, lowa with distributors selling at factory prices in quantities to 2000 pieces. Wherever you are, whatever standard unit 
you need, there’s a Trimpot source close at hand waiting to fill that rush order...no need to hold up your prototype or production projects. 


This fast service is made possible by mechanized production processes, enlarged facilities, and greatly expanded engineering and production 
staffs. All this is part of our intent to provide the finest customer service program. It is another Bourns plus — in addition to the high quality, 
reliability, and performance that have won Trimpot potentiometers a place in major missile, aircraft and commercial electronic systems. 


Write for price quotations and list of representatives and distributors — today. Let us assist you with your special requirements as well. 


Bournselwinpor = 


BOURNS 
Pst ed 


P.O. Box 21129 Riverside, California 
Plants: Riverside, California 


and Ames, Iowa 
In Canada: Douglas Randall (Canada), Ltd., licensee 


ioneers in potentiometer transducers for position, pressure and acceleration. 


299 


xclusive manufacturers of T 
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CLEVELITE’ 


makes a good product BETTER! 


oe 


cae because of structure may be used as base for at- 


taching a simple shock mounting ar- 


its PHYSICAL rangement. Shielding effectiveness not 
roperties! degraded by time or shock. Magnetic 
, P Shield Div., Perfection ~~ a Co., 1322 
Mechanically, CLEVELITE is No. Elston Ave., Chicago 22, Ill. >539 
structurally strong, very 
light (half the weight of MINIATURE TOROIDAL 
INDUCTORS 


. MT series of encapsulated Kernel 
ally stable. May be easily toroidal inductors are for printed cir- 


punched, machined and cuit use. First of series, MT 34, is 
: used at frequencies to 30 ke and can 


aluminum), and is dimension- 


sawed. Certain tough, flex- 
ible grades may be cold 
punched satisfactorily. Un- 
affected by oils and solvents. 


i 


be supplied with inductances to 500 
H. 3 ; a mh. With inductances to 200 mh, MT 
--.- and because of o4 tis : 35 Kernels are applicable at fre- 


oe a quencies to 200 ke. Q for MT 34 is 
its ELECTRICAL Ag “ a an 55 at 25 MT 35. 


Si greater than 55 at 25 ke: for 
properties! Be pie: og . a more than 60 at 100 ke. Size is 0.437 


OD x 2 in.; spacing between leads. 


CLEVELITE phenolic tubing ¥ cee : 0.3 x 1 in. long. Burnell & Co., 10 
possesses high heat re- : A on Pelham Pkwy., Pelham, N. Y. >540 


tot . . ; 
sistance, high dielectric FHP GEARMOTOR 
strength, an extremely low 


- Gearmotor provides power for business 
dielectric loss factor and cee machines, computers, medical equip- 
low moisture absorption. Its See —s 

oo : ment, movie cameras, teleprinters, 
non-tracking and insulation ; ; scientific instruments, duplicating ma- 
. chines and other uses. Ten standard 


ment, electronic and geophysical equip- 


resistance are outstanding. is alae 
single- and double-worm — reduction 

Write for latest CLEVELITE brochure; ‘hae “Classic” models available with shaft 
also samples of the tubing. outputs from 10 to 750 rpm. Gear 
train employs first worm cut directly 

_ on motor shaft. Shaft worm and sec- 

bt i wee a 2) ondary worm are case hardened. High- 

CLEVELITE will make your product BETTER...at LOWER cost! speed first gear is fiber and low-speed 
* Reg. U.S. Pat. Off. gear is bronze. Shaft position may be 

changed to any of six 30-deg positions. 

PLANTS & THE cusvetand Motor shaft runs on ball bearings, gear 


SALES OFFICES: ann nd. 
i CLEVELAND GONTAINER — 
oetreort PRESCOTT, ONT 
CHICAGO 

MEMPHIS SALES OFFICES: 


LOS ANG 
PLYMOUTH a NEW YORK 


JAMESBURG. NJ. 6201 BARBERTON AVE. + CLEVELAND 2, oa er 


FAIRLAWN WN. D. MONTREAL 
ABRASIVE DIVISION at CLEVELAND. OH'IO0 


REPRESENTATIVES: 
NEW ENGLAND R. S. PETTIGREW 4&4 COMPANY CHICAGO: McFARLANE SALES COMPANY 
10 N. MAIN ST., W. HARTFORD, CONN 5950 W. DIVISION ST., CHICAGO 
NEW YORK: THE MURRAY COMPANY, 604 WEST COAST: COCHRANE-BAFRON CO., 544 
CENTRAL AVE., E. ORANGE, N. J S. MARIPOSA AVE., LOS ANGELES 
PHILADELPHIA: MIDLANTIC SALES COMPANY, CANADA: PAISLEY PRODUCTS OF CANADA, 
9 E. ATHENS AVE., AROMORE, PA LTO., BOX 159 — STATION "HH", TORONTO 
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specialists in 

ELECTRICAL 
INSULATION 

FORMULATIONS 


Quality controlled formulations for i 7 E J » T K ; ik aa 
® ELECTRICAL and ELECTRONIC MANUFACTURERS 


— RULES 


POTTING 


Contacts in BRALOY* 
ENCAPSULATING (Silver-Cadmium Oxide) 


Resistance to sticking under a current and a 
F inductive a a Effec'ive arc quenc 
ing properties. Can be supplied in the form of con- 
oT UE tact rivets, welding type contacts, etc. Whether you 
are seeking advi-e on new applications, redesign, or 
wish your own — executed, send us your re- y WT 
ements, an | 
ye —— c d they will receive our most careful if a INLAID METALS 


CONTACTS in Silver, Gold, Platinum, y sgommentstray, 
WATER PROOFING Palladium and their alloys \ 


for vour specifi design problems seat 
lalate ay 


WRITE FOR BULLETIN NO. EP-56-48 (MOD 3) 


ee Seren aera furane plastics C " § * B RAI N | q C 0) 
- _ a 


LOS ANGELES 39, CALIF. INCORPORATED . 
318 Washington St., Mount Vernon, N. Y. 
FOR FUTURE TRENDS IN PLASTICS, FOLLOW furane 
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Now available in reprint form ($1.00 per copy): 


| SLIDE RULE MATHEMATICS | 


—-> IDEAL FOR TECHNICIAN TRAINING PROGRAMS! 


copies of 


“SLIDE RULE MATHEMATICS” offers a practical guide to the under- 
standing of the slide rule and its application to engineering problems. This 
article is the work of Ira Ritow, engineer-teacher and author of the pop- 
ular “Capsule Calculus.” It traces the logical development of the slide 
rule’s fundamentals and gives complete, concise instructions for its use. 
Contains over 50 two-color illustrated examples of step-by-step slide 
rule settings. 


Major topics include: 


for which please send me 


e Uses of the Basic Slide Rule e@ Variations on Basic C-D Operation 
@ Trigonometry e@ The Log-Log Scales e@ Phasor Calculations 
e Vector Diagrams e@ The Circular Slide Rule. 


The 20-page reprint, plus 4 practice slide rules printed on heavy stock for 
easy cut-out, is priced at ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy price is 90 cents; for 
25 or more copies, 75 cents each. Add 3 per cent sales tax for New York 
City delivery. The quoted prices include shipping charges. 


| enclose $ 


“SLIDE RULE MATHEMATICS.” 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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i 
| 
| 
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| 
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| 
| 
| 
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shafts on bronze sleeve bearings. Over- 
all size, 6 x 3%6 x 38g in. high. Weight. 
5 lb approx. Available as universal. 
shunt or series motors from 12 to 
220 volt input. Carter Motor Co., 2700 
W. George St., Chicago 18, Il]. 541 


MAGNETOSTRICTIVE 
DELAY LINES 


Solid state delay lines with short de- 
lays available from 5 to 200 ysec 
withstand vibration to 500 cps at 15 g 
and shock to 50 g. Operating range. 


for every lacing need... 


BEN-HAR LACING TAPES 55 to +100 C with coefficient of less 


BEN-HAR DACRON® - excellent di- than 20 ppm/deg C. Enclosed in 


BEN-HAR “TEFLON® GLASS” —fibers 
are Teflon coated before braiding 
for unique non-slip action. Knots 
hold. No heat shrinkage. Chemically 
inert. Flame-proof. Non-absorbent. 
Color fast. Practically indestructible. 


mensional stability and heat resist- 
ance. Available plain, waxed, or 
synthetic rubber treated. 

BEN-HAR NYLON -meets Gov. Specs. 
MIL-T-713A. Flat braided nylon 
available in same finishes as above. 


metal tube with hermetic sealing, these 
non-microphonic delay lines have range 
of input-output impedances from 5 to 
200 ohms with carrier or pulse fre- 
quencies to 1 me. Insertion loss, 54 db. 


Taps can be spaced as close as 3 pse 
with or without an adjustment feature. 
Model MF-40, illustrated, is torsional 
mode line with 40 usec delay. Control 
Electronics Co., Inc., 10 Stepar Place. 
Huntington Station, L.I.. N. Y. 542 


BENTLEY, HARRIS A 
CA f 77 
WRITE FOR SAMPLES AND PRICES smb he INSULATIONS 


Bentley, Harris Manwioctaing Go, 1080 Sasctoy St., Conshohocken 2, Pa. 
ircle on page 


IT’S HERE - - - 
A 10 KW T-LOAD 


mercury contactor for DC or AC work in Deak daaiiees tar Seale 


A new line of Mercury Contactors Master in automatic control are: for- 
is now available in Durakool’s ward and reverse control with preset 
famous Hypressure “Hydrogen Arc limits; control of motors, valves, re- 
Quenched” construction. These heavy lays and signals. Unit can recycle 
load carrying contactors have mercury 
to metal (tungsten) contacts. 


Available in two sizes— 


10 KW (10,000 watts) and 6.6 KW 

185 ’ | (6600 watts), normally open or 

' 5 y normally closed contacts and any 

coil specification. Ideal for 

theatre and other lighting 

—— - os jobs—and for the switching 

Release time of heavy motor loads. Made 

(seconds) 07 08 to handle up to 460 volts 
A.C. or 440 volts D.C. 


Nude or with bakelite in- 
sulation—with or without 
lead wires. 


RECYCLING CONTROLLER 


Controller gives the option of three 
arrangements: one-count switching, one- 
cycle switching. and differential (add 
and subtract) counting and switch- 


Compare this data 
6.6 KW-T 10 KW-T 
Load Rating 
Amp 60 100 


Coil Power, 
Watts 25 = 71 , 


Contact Resist- 

__ ance (Ohms) 0010 _ 0008 

Coil Resist- oI 
ance (Ohms) 970 


Pull in using 
115V60 Coil 75V 


Drop out 61 7 75 


without pause between — successive 
cycles. No cumulative error; mechanism 
remains in step with uninterrupted 
counting process. Electrically operated 
controller counts impulses up to 1000 
counts per min. Can be preset to any 
cycle from 1 to 100 counts. Manual 
zero reset. Unit operates on 115-volt. 


60-eps current. Counter and Control 


Write for Bulletin 600 
4747 Bronx Bivd., New York 70 
1969 Avenue Rd., Toronto 12 
301 Fifth Ave. So., Minneapolis 15 
P.O. Box 1352, 

Postal Station O, Montreal 


Durakool 
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designers and manufacturers 
of electrical products and systems 
4g S98 for AUTOMATIC CONTROL 


AUTOMATIC CONTROL PRODUCTS 


SELENIUM 
RECTIFIERS 


grain-oriented (T. M.) for 
greater rectifying 
efficiency, lower cost per 
watt. Cell ratings from 18 
to 36 volts. Microamperes 
to 1000 omperes. 


Series 3100 Bulletins. 


s MAGNECLUTCHES® 
RECTIFIERS © ' and MAGNEBRAKES* 


2, 8 and 12 ampere sizes. magnetic particle clutches and 
Excellent operating brakes. Smooth, flexible 
characteristics, uniform ; operation, fast response, 
quality, greater economy. — “ torque independent of 
Series 3300 Bulletins, speed, long life 
Series 6000 Bulletins. 


PHOTOELECTRIC ; 
CELLS wr as _ POWER SUPPLIES 
self-generating, barrier j x ei for industrial and 


layer type, mounted or military applications, 
unmounted. A wide range Bet : 


of sizes and shapes for A sy Series 2000 ond 
standard or special 9000 Bulletins. 
applications. eS os 
Series 3200 Bulletins. 


AUTOMATIC CONTROL SYSTEMS 
POSITION 


SPEED Vickers’ complete facilities and more than 
1,000,000 man-hours of direct experience in 


VOLTAGE — _ oe of a — 
products and systems are available to assis 

FREQUENCY you with your automatic control problems. 

CURRENT Contact the sales offices below, or write direct 
to us. 

PHASE 

PRESSURE 

TEMPERATURE 


EPA-OO0OO-1 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


ICKERS 1803 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


Sales $1. LOUIS—CEntro! 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3.1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6.8550 
Offices WASHINGTON, D. C.—EXecutive 3-2650 BOSTON (Representative) —CEdar 5-6815 
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e True cold punching 


e High resistance 
MDa (LTS 
cleaning compounds 


mal 


Jd e Excellent blister 


AIT Gs 
" « Cea Ors 


p a 


RICHARDSON’S RADICALLY 


NEW LAMINATE 


* 


Combined Properties Ideal for Copper-Clad 


Here is a radically new and different series of laminated insulating materials 
known as the “MARK TEN” series. This series of laminates has unique 
properties which are chemically built-in and are not degraded during normal 
manufacturing processes. Rigidity and flexural strength are high as com- 
pared with other cold punch laminates. Intricate shapes can be punched at 
room temperatures and lower. 

As a copper-clad laminate, “MARK TEN” 10-01 introduces the most 
unusual combination of properties ever known to the laminated plastics 
field. Besides being a true cold punch material it has unusual resistance to 
organic cleaning compounds .. . it withstands blistering in solder at 500°F 
for 40-60 seconds or at 550°F for 10-20 seconds . . 
bond strength. 


. and it averages 7-9 lbs. 


This ‘“MARK TEN” laminate is chemically engineered with the printed 
circuit manufacturing process in mind and is designed for most efficient 
production of printed circuits as well as other products. 

“MARK TEN” 10-01 is Richardson’s latest addition to its well known 
line of INSUROK® laminates. As the first grade in this series, it is available 
both plain and copper-clad. Exceeding NEMA XXXP and MIL-P-3115B 
Type PBE-P requirements, “MARK TEN” 10-01 has excellent stability in 
both dimensions and electrical properties over a wide temperature range. 

You are invited to request further information and a sample. Write .. . or 
phone today .. . Chicago phone MA 6-8900. 


*A Trademark of The Richardson Company 


THE RICHARDSON COMPANY 


LAMINATED AND MOLDED PLASTICS FOUNDED 1858 
DEPT. 43 + 2799 LAKE ST. +» MELROSE PARK, ILL. + SALES OFFICES IN PRINCIPAL CITIES 
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Corp., 4503 W. Brown Deer Rd., Mil- 
waukee 23. Wis. > 543 


INDEXING DRIVE 


Drive unit for speeds up to 1000 in- 
dexes per minute is offered in models 
with output torque ratings of 1109 in.- 
Ib and upwards. Drive assembly utilizes 


hardened and ground tool steel cam 
with pre-loading of roller-bearing fol- 
lowers. In “dwell” position, pre-loaded 
followers provide zero backlash. In- 
dexing accuracy, within 0.001 in. on 
j2-in. circle. Standard models available 
with indexing periods of 270 deg, 180 
deg or 120 deg with 3, 4, 6, 8 and 12 
stops, left- or right-hand cams. Com- 
mercial Cam & Machine Co., 455 No. 
Artesian Ave.. Chicago 12. Ill 544 


PLUG-IN 
AMPLIFIER-INVERTERS 


Three transistorized current amplifiers 
in order of increasing power capability 
are: (1) gate-driven inverter, provid- 
ing total output current of 16 to 26 ma 
depending on driving currents; (2) 


power-driven inverter, driven by a 
gate-driven inverter or some other 
power source such as a flip-flop, pro- 
viding total output current of 33 ma 
with 3.5 ma drive and; (3) heavy- 
duty inverter, also driven from a powe) 
source, providing total output current 
of 77 ma with 13 ma drive. Portion of 
output current can drive gating (AND) 
circuits, balance can drive buffing 
(or) circuits. Eight separate ampli- 
fiers on each card. Dykor series of 
logic cards uses germanium diodes 
and transistors rated to operate to 
65 C ambient. Circuits operate at 
nominal input signal levels of 0 and 

6 volts with passive diode logic. 
Dykor Components Div., Digitronics 
Corp., Albertson, L. I., N. Y. >545 


(Continued on page 306) 
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Heavy duty transmission design simplified. On this dual axle drive 
for trucks, a Truarc Series 5107 ring locks bearing on drive shaft. Interlocking 


ring design won't dislodge under heavy torque. . 


high rpm. applications. 


Rings replace machined 
shoulders, collars, set screws. 
That's what original design of this 
pneumatic temperature transmitter 
called for. Series 5139 Prong-Lock® 
ring with bowed design compensates 
for accumulated tolerances in parts, 
provides sufficient friction to prevent 
rotation under vibration. At the same 
time two Waldes E-rings position and 
lock adjustment screw to face plate. 


. is also recommended for 


Reinforced aluminum ring 
gives design advantages on 
louver windows. Waldes Truarc 
Series 5144 reinforced rings of alu- 
minum secure hinge pins, eliminate 
costly riveting in linkage of louver type 
window. Ring design provides large 
bearing shoulder. Reinforced construc- 
tion has 5 times the gripping strength 
of standard E-ring construction, allows 
use of non-corrosive aluminum. 


Ring acts as locking shoulder. Holding the threaded ferrule on this 
potentiometer shaft is a Truarc Series 5103 Crescent® ring. Crescent ring 
design with low shoulder provides ample clearance for assembly of panel 
locknut. It is less costly than a machined shoulder, more effective, quicker to 
install, easier to remove than the C washer previously used. 


Designing with 
radially assembled 
Waldes Truarc 
retaining rings 


solve varied product design problems—save 


machining, materials, parts and labor 


Radially assembled retaining rings, which snap onto a 
shaft at right angles to its axis, greatly extend the range 
of products on which retaining rings may be used to 
simplify design and save parts or labor costs. 

For example, rings for radial assembly can be used 
in applications where it is impossible to install a ring 
axially over the end of a shaft. Certain types are de- 
signed to accommodate shafts of relatively wide toler- 
ances. Others described below may be used to provide 
a sizeable shoulder on a shaft. 

The four applications shown here provide an indica- 
tion of the wide range of products using radially assem- 
bled rings. The rings themselves are basic Truarc types 
each having specific design features. The high shoulder 
of one provides a large bearing surface on small diam- 
eter shafts; the low shoulder of another is ideal where 
clearance is limited. A third has an interlocking design 
which prevents it from being dislodged under torque or 
high rpm. A fourth can be used against rotating parts at 
the same time it provides spring tension. 

These are but four of Truarc’s fifty functionally differ- 
ent types of retaining rings with up to 97 sizes within a 
single type, six metal specifications and thirteen differ- 
ent finishes. Special hand, magazine, and semi-auto- 
matic applicators as well as grooving tools are also 
available to speed production. The entire line, together 
with over 70 typical applications, is described and illus- 
trated in the new catalog RR10-58—yours for the asking. 
And call on us for design assistance on your specific 
project...a Waldes Truarc engineer will be glad to help. 
Waldes Kohinoor, Inc., 47-16 Austel Place, Long Island 
City 1, N. Y. 
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WALDES 


TRUARC 


RETAINING RINGS 


Walides Kohinoor inc., Long Isiand City 1, N.Y. 
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CONTACTORS 
AND RELAYS 


NEW BUILDING-BLOCK 
DC DEVICES 


Assemble the exact contactor or relay 


you need—when you need it! General 
Electric’s new “‘building-block”’ design 
allows quick, on-the-spot assembly of 
more than 100 different devices—from 
a few standard components. For all the 
facts, follow reader service instructions 
below. General Electric Company, 


Roanoke, Virginia. 784-19 


ress /s Our Most Important Product 
, Pp 


GENERAL @@ ELECTRIC 
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| VARIABLE-PITCH PULLEYS 


| Pulleys feature spring-tensioned slid- 

ing flange that adjusts to various pitch 
| diameters and maintains tension. Pul- 
| leys mount directly on motor or drive 


shaft and are coupled by “A” or “B” 
| belt with fixed diameter pulley to form 
| variable speed drive. Speed variation 
| accomplished by varying distance be- 
tween two pulley centers. Spring- 
loaded pulley designed for drives with- 
in 14 to 2 hp range. Maurey 
Manufacturing Corp., 2907 S. Wabash 
Ave.. Chicago 16. I]. > 546 


| PERMANENT MAGNET 
MATERIAL 
Alnico VII-A. 


terial with an energy value of 2.8 mil- 


a permanent magnet ma- 


lion oriented, is being produced for 





| use in magnetic-core meter and instru- 


Alnico VII-A ex- 
(H.), higher 
Alnico family. 
Alnico VII-A 


suitable for 


ment applications. 


hibits a coercive force 
than other materials in 


Like Alnico V and VI. 


is hard-brittle material 


| grinding. It will be supplied oriented 


Steel 
>547 


The 


Valparaiso, 


Indiana 


oriented. 
Co.. 


or not 
Products 


PLUG-IN MERCURY 
PLUNGER RELAYS 


Relay for mounting is avail- 


NO or NC 


chassis 


able in one and two poles. 


EBERT ELEC’ 


eurrns 


AUTOMATIC 
ASSEMBLY 


ECONOMICAL, 


TROUBLE-FREE 


with Milford 
tubular rivets 
and automatic 
riveters 


Mass production 
and automatic as 
sembly cut costs 
only when all op- 
erations are trouble-free. 
That’s why the high 
strength and uniform 
quality of Milford Tubu- 
lar Rivets, plus Milford’s 
wide line of precision 
riveters, are playing an 
active role in slashing 
today’s production costs. 


For the answers to as- 
sembly problems... 
get in touch with 


Milford first! 


MILFORD RIVET 
& MACHINE CO. 


MILFORD, CONNECTICUT ° HATBORO, PENNA. 
FLYRIA, OHIO * AURORA, ILL. * NORWALK, CALIF 
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Experience—the extra a//oy in Allegheny Stainless 








ANTI-ICING DUCTS, made from Allegheny Lud- 
lum AM350, are designed to withstand temperatures 
to 700F and pressures to 200 psi. Wall thicknesses 
.025 in. to .187 in.; outside diameters, 114 to 4% in. 


* a ake 


a 


7 


made from Allegheny Ludlum precipitation-hardening stainless: 
Prop-jet’s anti-icing ducts 
take high heat and pressure in stride 


The anti-icing system of a new prop-jet airliner was designed 
to operate under high heat and pressure, yet the ducting 
had to be as light as possible. AM350 was specified. Both 
AM350 and AM355, Allegheny Ludlum's precipitation- 
hardening stainless steels, have strength/weight ratios at 
GOOF five times greater than the usual aluminum aircraft 
alloy. In fact, AM350 and AM355 maintain high strength 
from room temperature up to 1000F. 

These space age metals have other properties highly 
desirable: excellent corrosion resistance, ease of fabrication, 
low temperature heat treatment, good resistance to stress 
corrosion. 

, These features have been used to advantage in airframe 
structural members, airframe skins, pressure tanks, power 
plant components, high pressure ducting, nacelles and 
other missile and supersonic aircraft applications. 


availability: AM350, introduced several years ago, is 
available commercially in sheet, strip, foil, small bars 
and wire. AM355, best suited for heavier sections, is avail- 
able commercially in forgings, forging billets, plates, bars 
and wire. 


corrosion resistance: Compared to the more familiar 


wsw 7341 


ALLEGHENY 
EVERY FORM OF STAINLESS .. 


OCTOBER 1959 


stainless grades, AM350 and AM355 resist corrosion and 
oxidation better than the hardenable grades (chromium 
martensitic) and only slightly less than the 18 and 8's. 
They resist stress corrosion at much higher strength levels 
than do martensitic stainless grades. 


simple heat treatment: High strength is developed 
by two methods. Both minimize oxidation and distortion 
problems. The usual is the Allegheny Ludlum-developed 
sub-zero cooling and tempering (SCT): minus 100F for 
3 hrs plus 3 hrs at 850F. Alternate method is Double Aged 
(DA): 2 hrs at 1375F plus 2 hrs at 850F. 


easy fabrication: AM350 and AM355 can be spun, 
drawn, formed, machined and welded using normal stain- 
less procedures. In the hardened conditions, some forming 
may be done . . . 180 degree bend over a 3T radius pin. 
Also AM350 can be dimpled in the SCT condition to 
insure accurate fit-up. 


For further information, see your A-L sales engineer or 
write for the booklet ‘Engineering Properties, AM350 and 
AM355."" Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pa. Address Dept. EM-22. 


we 


LUDLUM 


- EVERY HELP IN USING IT 
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now available from G-L... 


HIGH PERMEABILITY 


nickel alloy 


Magnetic 
Laminations 


plus the QUALITY, 
UNIFORMITY and SERVICE 
that have made 
G-L TAPE WOUND CORES 
a standard in the industry 


High permeability magnetic laminations, 
made to the most exacting standards 
in the industry, can now be obtained 
from G-L. 


Transformer Laminations have the su- 
perior characteristics and uniformity-of- 
product associated with G-L magnetic tape 
wound cores. Controlled production tech- 
niques, careful selection of material, expert 
tooling and precision stamping assure you 
of the highest quality. 


Magnetic Head Laminations are the 
result of improvements made by G-l on 
normal processing techniques to provide 
laminations with minimum burrs, improved 
stacking factors, reduced head dimensions. 


Special Shapes are available from G-L 
for special applications. Our own tool and die 
shop is set up to do rapid prototype work. 


Your inquiries are invited. Write, wire or 
call. Send us prints on your current require- 
ments for an immediate quotation. Our 
illustrated magnetic laminations folder, 
TB-104, will be mailed upon request. 


Gl LECTTONICS 


Phone WOodlawn 6-2780 
Teletype TWX 761, Camden, New Jersey 


See you at the National Electronics 
Conference, Chicago, Booth 127 


mMnaeE 
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contacts are available in  single-pole 
MR-10PL and in combinations of con- 
tacts for twopole MR-14PL relay. Plug- 
in type MR-10PL (illustrated) meas- 
ures 4 x 214 x 21!4 in. and is rated 
20 amp at 115 volts a-c. MiniRelay 
series offered with actuating coils for 
most operating voltages. Ebert Elec- 
tronics Corp., 212-31C Jamaica Ave.. 
Queens Village 28, N. Y. > 548 


TEFLON CAPACITORS 


Capacitor retrace is within 0.02. per 
cent for temperature range of 10 to 
85 C. Temperature coefficient is 10 


¢ COMPONENT RESEARCH CO. INC 


ppm/deg C with less than 0.06 per 
cent total capacitance change from 
25 to 85 C. Insulation resistance is 
1018 ohms minimum from 25 to 85 C. 
Units withstand vibration of 20 g rms 
noise (5-1500 cps) for 15 min. Com- 
ponent Research Co., Inc., 2639 South 
La Cienega Blvd., Los Angeles 34. 


Calif. >549 


PLUG-IN STEPPING 
SWITCHES 


All industrial rotary stepping switches 
manufactured by Automatic Electric 
Co., are available with plug-in con 
nectors of any type with stepping units 


pre-wired and tested. For instance. 


Type 45 switch is availiable in Typ 
AE-4500-B hermetically sealed enclos- 
ure (illustrated). Where cable con- 
nections are desired the unit may be 
terminated in MS connectors. Type 41 
miniature stepping switch also avail- 
able with solderless plug-in connectors. 
Automatic Electric Sales Corp., North- 
lake, Il. >550 


TURRET LENS LIGHT 


Panelboard indicating light assembly 
has illuminated area of 214 x 3 in. 
Variety of lens two-color combinations 
are available for two-light indications. 
or top and bottom of lens may be same 


(Continued on page 312) 
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Cutting costs of 
Switch Installation... 
your job...and Centgalab 


ab Printed Circuit Switches 


the greatest advance 
in switch design 
in decades 


The CENTRALAB Series 20 Printed Circuit 
Switch provides these cost-saving 
advantages: 


1 Elimination of switch wiring errors. 


Simultaneous connection of all switch- 
2 ing leads during dip soldering of etched 
circuit boards. 


3 No hardware is required for rigid 
anchoring of switch to the board. 


SPECIFICATIONS: 


Construction: 134” high x 2” wide laminated 
phenolic sections. Bolted con- 
struction multiple sections and 
staked single or dual section 


ci assemblies. 
Switching _ 


Combinations: 1 pole—12 positions through 
6 pole—2 positions. Also avail- 
able with dual concentric 
shafts for A.C. line switch or 
14 watt variable resistor, 
equipped with printed circuit 
terminals. 

Rating: 2 amperes at 15 volts D.C., 
150 ma. at 110 volts A.C. 


(make and break, resistive 
load). 


Insulation: Laminated phenolic type PBE 
per specification MIL-P-3115. 
Voltage breakdown 1000 
volts RMS. 


Rotational Life: 10,000 cycles minimum. 


For complete physical and electrical speci- 
fications On CENTRALAB Printed Circuit 
Switches ask for Bulletin EP-757. 


A Division of Globe-Union Inc. 
Fi 962J E. KEEFE AVE, e MILWAUKEE 1, WiS. 
RS In Canada: 669 Bayview Ave., Toronto 17, Ont. 
P5956 
® 


IARIABLE RESISTORS + ELECTRONIC SWITCHES » PACKAGED ELECTRONIC CIRCUITS + CERAMIC CAPACITORS + ENGINEERED CERAMICS 
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0) Please send me more comprehensive details 
and application data on the A. O. Smith line 
of fractional-hp motors — 1/3 to 2 hp — that 
feature sealed-capsule design. 


00 I'd like to test your sealed-capsule motor. 































Here’s a motor with ambitions! Sealed-capsule 
fractional-hp motors — designed originally to solve 
the problems encountered in the air-conditioning 
and pumping industries. Consider their perform- 
ance qualifications — you'll see why they’ve only 
scratched the surface . . . why they’d be ideal for 
such equipment as compressors, machine and wood- 
working tools, materials handling equipment, etc. 

Qualifications? For one thing, sealed-capsule de- 
sign (end-mounting, end-sealing of switch, actuator, 
thermostat and terminal board) has eliminated the 
biggest cause of single-phase fractional-hp motor 
failure. It’s easy to see why these motors keep on 
the job under the most severe working conditions. 

Unique installation flexibility has also result- 
ed from this functional component grouping. 
Ball bearings and closer bearing centers assure 
minimum noise and shaft play . . . permit mount- 
ing anywhere in any position. Air is practically 
silenced through a unique ventilation design .. . 
magnetic noises are reduced to absolute minimum 
by special machining and assembly processes. Let 
us put one on your equipment. Compare it with 
sleeve-bearing motors. For complete data, please 
use the handy coupon below. 


(Cut on dotted line, fold, staple and mail. No envelope or postage necessary.) 
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' 


from the case of the A. O. s 


. 


4 
: 


hs 
‘ 


ith Motor Man... 


; 


A MOTOR THAT SET INDUSTRY STANDARDS: 


Available in single or 
polyphase — rigid 
or resilient base. 


BUSINESS REPLY MAIL 


First Class Permit No. 83, Tipp City, Ohio 





AO.Smith 


ELECTRIC MOTORS 


531 N. Fourth St. 
Tipp City, Ohio 





MUAH 
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Scan the drawings below for ideas on how the 
sealed-capsule design can work into your plans 


BLEM? 
MATION PROBEE 
mate 


R CONTAMI! 
po vou Have A MOT thie 


enck capo feed ae 
Galion 2G ple 


A 


Truly functional component grouping. Switch, 
actuator, capacitor, thermostat, and terminal 
board are all conveniently end-mounted .. . 
all completely protected against contamination 
and mechanical damage. 


Note adjustable starting switch! On every 
A. O. Smith single-phase motor, switch is ad- 
justed after assembly by turning a self-locking 
screw to achieve a pre-set clearance between 
the switch button and actuator. This assures 
proper contact alignment and positive switch- 
ing action . . . guarantees maximum life for 
every motor. 
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AT LAST-The IDEAL 
BARRIER TERMINAL STRIP 


HEAVIER HIGHER 
BODY BARRIERS 


MATERIAL BETWEEN 
BARRIERS AT BASE 


BOTTOMS 
CLOSED 


, / 


WIDER CAN BE IMPRINTED 
BARRIERS HERE 


JONES SOO SERIES 
LONGER— STURDIER 


Wider and higher barriers for increased creepage distances. Closed 
bottoms for complete insulation. Material between barriers at the base 
adds to the strength and maintains the same creepage distance between 
contact to contact and contact to ground. Can be imprinted here. No 
insulating or marker strip required. Three series—540, 541 and 542 
having the same terminal spacing as our 140, 141 and 142 series. 
Complete listing in the new Jones No. 22 catalog. Write for your 
copy today. ; 


KNOCKOUTS FOR 
Y TERMINALS 


HowaARD B. JONES DIVISION 


CINCH MANUFACTURING COMPANY 
CHICAGO 24, ILLINOIS 


DIVISION OF UNITED-CARR FASTENER CORP. 
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Attach Leads to Ultra-Fine Magnet Wire? 
Sure!! ...and Economically 


Send for samples illustrating how Deluxe Coils’ 
advanced engineering and manufacturing know-how can 
supply miniaturized coils (48-56 gauge wire) with leads. 
Cut your scrap and termination problems. 


DELUXE COILS, 
POST OFFICE BOX 318 , 


INC. 
WABASH, INDIANA 
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color for single lamp use. Assembly 
includes lenses, mounting frame, lignt 
baffle, lamp support bracket, sockets, 
two 6-watt lamps and terminals. Re- 
quires 214 x 3 in. cutout. Tigerman En- 


gineering Co., 4332 N. Western Ave., 
Chicago 18, Ill. >551 


GADOLINIUM-IRON-GARNET 
CRYSTALS 


Single crystals of gadolinium-iron-gar- 
net are being commercially produced 
in weights of 4 gm and over. Density, 
6.49 gm/ce based on lattice constant 
of 12.469 A +0.005. Saturation mag- 
netization, approximately 50 gauss/cc 
at room temperature. Crystals are trans- 
parent in thin sections and display 
their magnetic domain movement when 
a small permanent magnet is moved 
in their vicinity. Curie temperature, 
296 +1 C. Potential applications are in 
high frequency and microwave regions 
as well as in magneto-optical devices. 
Microwave Chemicals Laboratory, Ine., 


282 Seventh Ave., New York. >552 


24-HOUR CLOCK 


Clock with split seconds graduated to 
0.02 uses timing motors of miniature 
series which are available in 115 volts, 
50, 60, 400 and 500 cps. Drums and 
bearings of Model 4000 are nylon. 
Shafts are centerless-ground stainless 
steel. Hours and minutes preset by 
pushbutton-actuated 12-volt' d-c  high- 
speed motor. Split seconds set by 
manual reset knob. Numbers are *¢-in. 
high to MIL-S-33558 stamped white on 
black or black on white. Fluorescent 
numbers may be provided. Other fea- 
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RCI EPOTUF 
EPOXY RESIN 


“It has been essential in development of our transistorized 
warning light’ — R. E. Dietz Company, Syracuse, N. Y. 


Since 1840 the Dietz Company has lighted America — 
with everything from kerosene lamps to auto 
headlights. In developing a new compact warning 
signal light, the company was faced with the problem 
of protecting the circuitry. They needed a 

material with strength, low potting 

temperature, waterproof and non-conducting 
properties. Reichhold EPOTUF Epoxy 

met every specification. For 

superior insulation of miniaturized 

components, investigate 

RC! EPOTUF Epoxy Resins — 

REICHHOLD CHEMICALS, INC., 

RCI Building, White Plains, N. Y. 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 


<a ss 
Creative Chemistry... 
Your Partner in Progress 


Synthetic Resins * Chemical Colors Industrial Adhesives * Phenol * Hydrochloric Acid * Formaldehyde » Glycerine + Phthalic Anhydride * Maleic Anhydride 
Sebacic Acid * Ortho-Phenylphenol * Sodium Sulfite * Pentaerythritol » Pentachlorophenol » Sodium Pentachlorophenate * Sulfuric Acid * Methanol 
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“12 to 15 times 
longer die life” 


CTD PRECISION CARBIDE DIES SPEED OUTPUT 
OF “FRANCEFORMER” 
LAMINATIONS 


Check the transformer on 
the next neon sign you 
see, and chances are it'll 
read “Franceformer’— 
trade mark of the France 
Mfg. Co. of Cleveland, O. This aggressive company 
supplies leading jobbers of neon signs throughout 


the country. For high-speed lamination produc- 
tion, France chooses CTD precision tungsten carbide 
dies. “CTD dies give us continuous production with 
far less downtime”, says Emil Olds, plant manager. 
“We get 12 to 15 times 
the die life at only 3 
times the previous cost.” 


Another example 

of the important 
production efficiency 
made possible by CTD 
precision craftsmanship 


_ means 
(leveianc ool and pie precision... 


Dies, Jigs, Fixtures and Special Purpose Tooling 


Send for 
brochure 5 
, q css | Cleveland Tool and Die Co. 


and . 
FREE! 30510 Lakeland + Willowick, Ohio 
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tures available include drip-proof case 
with glass header terminals, panel- 
edge lighting, spring-loaded door with 
lock, motor shut-off toggle switch. 
Alternate Model 4500 has 12-hr drum 
in place of 24-hr drum. Haydon Instru- 
ment Co., Waterbury, Conn. >553 


TOROID TRANSFORMERS 


Encapsulated toroid transistor power 
transformers and magnetic amplifiers 
meet requirements of MIL-T-27A, 
Grades 1, 2 and 5. Toroids withstand 


mechanical shock and_ vibration re- 
quirements of MIL-E-5272A. Transfor- 
mers range from milliwatt size to 500 
va outputs with efficiencies to 95 per 
cent. Switching toroids available for 
specific applications through this same 
power range. Mercury Transformer 
Corp., 12964 Panama St.. Los Angeles 
66, Calif. > 554 


POWDER CORE FOR 
NETWORK FILTERS 


Linear Permalloy powder core, when 
used with a polystyrene capacitor in 
an LC filter network, can produce fre- 
quency stability on the order of 0.5 
per cent for temperature swings be- 
tween —55 and +85 C. Temperature 
coefficient of inductance between —55 
and +25 C, not less than 40 nor more 
than 110 ppm/deg C; between +25 
and +85 C, not less than 85 nor 
more than 180 ppm/deg C. High order 
of frequency stability results when 


wt owt elae ia 
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There's an Open Door 
at STANLEY 
for ME’s and EE's 


Automatic door equipment, originated by The 
Stanley Works, is just one of many product lines 
being expanded to meet the needs of our economy. 
This growth provides opportunity for a few out- 
standing ME’s and EE’s who have had three to five 
years in design and manufacturing engineering. 

For prompt attention, write directly to K. B. Cook, 


THE STANLEY WORKS 


NEW BRITAIN CONNECTICUT 


ELECTRICAL 
PORCELAIN 


Produced to meet your 


individual requirements 


Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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STAYS BRIGHT! 


ay oH eum EL 


protects General Electric 
oil-tight selector switches 


A new satin-chrome finish on General Electric oil- 
tight selector switches resists corrosion and wear, 
gives better appearance on your panel. 

This new finish for selector switches is the new- 
est feature in G.E.’s complete line of oil-tight push 
buttons. In addition, the line includes all types of 
selector switches, indicating lights, stations and 
accessories. ONLY GENERAL ELECTRIC push- 
button operators have color coding on locking rings, 
thus eliminating loss of color identification result- 
ing from dirt and grime. And Separable operators, 
color rings, and contact blocks provide flexible 
building-block construction that cuts stock require- 
ments! Write for bulletin GEA-5779. General Elec- 
tric Company, Schenectady, N. Y. 731-17 


OTHER G-E ADVANTAGES 


Less Button Projection 

Standard push button extends 
just ¥2-inch in front of station or 
panel, cuts total projection 
space. Protected buttons also 
guard) against —_ unintentional 
operation. 


Combination Button-light 

Illuminated push button saves 
money and panel space by 
combining pilot light and push 
button in a single control unit. 


GENERAL @@ ELECTRIC 
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polystyrene capacitors which have 
same magnitude of temperature coef- 
ficient, with equally narrow _ toler- 
ances, are matched with linear cores. 
Molybdenum Permalloy powder cores 
have guaranteed inductance within 
+8 per cent of nominal per 1000 turns. 
Magnetics, Inc., Butler, Pa. >555 


SOLID STATE 

VOLTAGE REGULATOR 
Magnetic-amplifier-type battery voltage | 
regulator provides constant output for 
electronic circuits. Units maintain out- 





puts to +2 per cent, with battery % 
| 
. 
~ 
| 
" 
| ’ 
supply voltage drop of 20 to 30 pei 
cent. Regulators will operate in’ en- 
vironments from —20 to + 165 F. Four- 
pound voltage regulators meet MIL- 
E-5272A and MIL-1-6181. Engineered 
Magnetics Diy., Gulton Indust., Inc., 212 
. Durham Ave., Metuchen, N. J. >556 
% b R Ny K Or SWI he PRECISION POTENTIOMETERS 
Potentiometers have maximum resolu- 
tion from 0.015 to 0.059 per cent and 
e . ° e Sea I a einen ae is 9 a 
making little bridges out of big ones linearities ranging from 0.08 to 0.2 pe: 
cent (standard) or 0.03 to 0.15 pet 
cent (best). Maximum resistance pet 
Riding the trend toward smaller cars and 360 deg ranges from 45 k ohms to 200 
thinner wristwatches, we shrewdly surmised that k ohms for standard Type GC models. 
some forward-looking engineers might favor Petcntioneters withstand accelerations 
size reduction in rectifier bridges. Fortunately, ce , ae : 
ae ti, ; ; of over 40 g and vibrations of over 
the means for shrinking bridge dimensions is at os 
Reece a 1000 cps. Life expectancy, over one 
hand: our new Redtop® insulated base silicon ‘ll; 1] Seeictand eee 
rectifier. Redtop’s superior heat transfer ability milion cycles, Standart a ~— 
permits efficient operation with less bridge area.* perature range, —oo to + 120 C. Torque ‘ 
What’s more, you get forward and reverse is 0.05 to 0.5 oz-in. depending upon 
ratings that top the field. Then there are the model. Noise level is 100 ohms at 4 
plus benefits of integral insulation: No washer rpm. Mounting provisions are stand- ” 
hardware assembly. No shorting of a series of ard servo type with other types avail- 


diodes through faulty insulation assembly. 
Send us your bridge requirements and we'll 


show you how compact we can make it. { . CO . 
Se epending u lel. GC 30 (illus- 
Want a REDTOP data sheet? er eer a _— 


able. Units can be ganged up to ten. 
Ten to thirty additional taps available 


BRADLEY SEMICONDUCTOR CORPORATION b 


Formerly Bradley Laboratories Inc. 






275 WELTON STREET, NEW HAVEN 11, CONNECTICUT 
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Stub R is the newest member of AMPHENOL’s family of 
fully approved MIL-C-5015D environmentally resistant 
connectors. The “R” construction is a recent addition to 
this Specification and is described as “environment re- 
sistant—light weight”. Like AMPHENOL’s superior Stub E, 
the Stub R offers plus features above and beyond the 
minimums established by the Specification. Together, 
these connectors provide users with a complete selection 
of the shortest, lightest, finest environmentally resistant 
AN/MS connectors available to MIL-C-5015D. AMPHENOL 
Stub R connectors offer the following plus features: 


Slippery Grommet Material A special neo- 
prene material that allows easy slippage over 
wires. A cost-saving advantage that speeds up assembly. 


Unitized Rear Grommet Grommet, clamp nut, 

- clamp shell and retainer ring form a single sub- 

assembly, making assembly and disassembly easier and 
quicker than with any other “E” or “R” connector. 


Uniformly Tinned Solder Pockets Uniform 
and complete distribution of solder tinning on 
the inside of the solder pockets, assuring the user of 
producing the best electrical and mechanical connection, 


Metal-to-Metal Bottoming The unitized rear 

+ grommet provides metal-to-metal bottoming to 

the front shell when the grommet is fully engaged, assur- 

ing pre-determined, controlled sealing and minimizing 
the possibility of compression “set”. 


SSS 


SSS 


Check the PLUS features of 
the NEW Amphenol 'R”! 


Ease of Soldering Solder pockets are exposed 
for easy wiring and soldering, providing fast, 
low cost and high quality assembly. 
& ““O” Ring The Stub R incorporates an “O” ring 
on the shoulder of the MS 3106 plug for addi- 
tional sealing protection. 


Shorter Length, Lighter Weight Both Stub E 

and Stub R are the shortest and lightest types 
available, allowing for more compact equipment that 
saves money where weight = money, as in aircraft. 

Closed Entry Socket Contacts Resistant to test 

prod damage, female contacts are machined of 
a copper alloy and provided with a closed entry. 

Positioned Contact Pockets All solder pockets 

face in the same direction, accelerating wiring 
and substantially reducing assembly costs. 


(AMPHENOL) ) CONNECTOR DIVISION 1830 S. 54th Ave., Chicago 50, Illinois 


Amphenol-Borg Electronics Corporation 
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you ll have 


SPACE to SPARE (jee 


on your panel 
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. .. When you mount the newly designed Hevi-Duty 
Type SZO Control Circuit Transformer. Savings in 
panel space range up to 20 percent over units of 
equivalent rating. Better yet, you’ll have extra inrush 
capacity (up to 150% more) due to Hevi-Duty’s 
interleaved windings and other new improved pro- 
portions of design. New Type SZO transformers 
range from .050 to 5 KVA. 


Write for Bulletin 300 for further details 


HEVI-DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEMIEBUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 


MILWAUKEE 1, WISCONSIN 
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ARE 


conomical 


Low tooling charges keep 
prices down, yet quality 
remains high. Our auto- 
matic molding procedure 
permits economical incor- 
poration of terminal designs 
into the molded part. Thus, 
costly secondary operations 
are eliminated and you gain 
further economies. 

If your specifications include 
dimensional stability, min- 
iaturization and high dielec- 


Data brochure tric strength 


and samples 
sent on request. Get the facts on 


COSMO NYLON BOBBINS 
SALES DIVISION OFFICES 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 
Wviinnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada 


Dees 


ola 
3239 WEST 14 STREET + TOweR 11-5597 * CLEVELAND 9, OHIO 
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trated) has maximum resolution of 
0.015 per cent, linearity of 0.08 per 
cent (standard) or 0.03 per cent 
(best). Maximum resistance per 360 
deg is 200 k ohms. Guidance Con- 
trols, 110 Duffy Avenue. Hicksville, 
N. Y. > 557 


MINIATURE TIME 
DELAY RELAYS 


Solid state time delay relays are suited 
for printed circuit and miniaturized 
components. Each of four models 
weighs 2 oz and measures 1.25 cu in. 
Time delays ranging between 0.05 and 


90 sec can be provided. Slight increase 
in size allows time delays to 950 sec. 
Accuracy, from +5 to +20 per cent. 
Operation voltages between 18 and 50 
volts d-c. Two models incorporate in- 
dependent triggering for meeting spe- 
cial requirements. Maximum power re- 
quired is 50 ma. Contacts are 1 Form 
C, 2 amp resistive. Life, 100.000 opera- 
tions at rated contact load. Tempera- 
ture range, —55 to +-71 C. Electronics 
Div., Hydro-Aire Co., 3000 Winona 
Ave., Burbank, Calif. >558 


TWIN TRIODE 
RECEIVING TUBE 


Twin double-plate triode is registered 
as type 12FQ8. Extra plate in each 
section of tube offers an additional 
output from that stage which makes 
it possible to take two isolated out- 
puts from one stage. Each of four 
plates is rated at 330 volts max and 
0.5 watts dissipation. In typical op- 
eration with plates at 250 volts and 
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Aluminum being rolled at our Terre Haute plant. 
ee ee eo 


write for booklet, "This is Anaconda Aluminum”. 


AAnaconpA:: a respected name, and 
now a vigorous force in aluminum 


When buying aluminum for 


your product, check with... 





ANACONDA ALUMINUM COMPANY + GENERAL OFFICES, LOUISVILLE 1, KENTUCKY 





Now you can pick the right handle 
design from Chassis -Trak 


If you want panel handles solely for 
pulling your equipment from its cab- 
inet, Chassis-Trak plain blank handles 
are just the ticket. But don’t forget that 
Chassis-Trak also offers eight other 
handle designs to meet any tilting, lock- 
ing and special installation needs. 

The complete Chassis-Trak line in- 
cludes handles with push button panel 
locks, trigger tilt controls plus posi- 
tive clamp-type models for installation 
where extreme shock and vibration are 
encountered. In short, there’s a Chassis- 
Trak handle design that fits the bill 
exactly no matter where or how your 
equipment is mounted. 

Chassis-Trak handles are die cast or 
sand cast of aluminum alloy. Chip re- 
sistant finish is aluminum slurry baked 
on over a clear lacquer-base sealer. Fin- 
ish has successfully passed salt spray 


(1,000 hours) and humidity (200 hours 
at 100% ) tests. Offset design permits 
maximum use of panel space. All han- 
dles furnished complete with hardware 
and mounting instructions. 

All models can be finished to your 
specification. Get details from Chassis- 
Trak engineers. 


Chassis-Trak ‘‘Detent’’ slide, shown in 
one of seven different tilting positions. 


For further information contact: 


525 South Webster, Indianapolis 19, indiana 
320 Circle 305 on page 17 





grids at —1.5 volts, amplification fac- 
tor of grids to each plate is 95 and 
the transconductance is 1250 pmbhos 
(measured with other plate of same 
section grounded). In this condition, 
each plate draws 1.5 ma and repre- 
sents a plate resistance of 76,000 
ohms. General Electric Receiving Tube 
Dept., Owensboro, Ky. >559 


ENCLOSED SELENIUM 
RECTIFIERS 


Rectifier models are supplied with theit 
own enclosures, fuse holders with fuse 
and lead wires. Those offering variable 
d-c output are furnished with rheostat 


also. Line offers rectifiers with wattage 
ratings from 40 through 100, at 100 
volts d-c output. Five models have fixed 
d-c output; three have variable d-c 
output. For operation on 60 cps and 
115, 550 or 220/440 volts a-c. Stearns 
Electric Corp., 120 No. Broadway, Mil- 
waukee 2, Wis. >560 


SHOCK AND 
VIBRATION ISOLATORS 


lsolators for use at temperatures up 
to 500 F consist of two load carrying 
springs, mounted in opposed positions, 
with built-in damper assembly to re- 
strict resonant buildup. Diameters of 
springs, wire diameter, assembled 
length, number of turns of wire in 
spring and spring helix angle are con- 
trolled to provide desired spring rates 
in directions parallel to and perpen- 
dicular to axis of “Isomode” isolator. 
Units can be furnished with equal 
spring rates in all directions. Isomode 
mounts meet MIL-E-5272- 
and shock requirements, paragraph 


vibration 


1.7.1.2. paragraph 4.15.2.1 and para- 


(Continued on page 323) 
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ENJAY BUTYL... tHe wear russer 


FOR INSULATION AND JACKETING 


RESISTANCE TO MOISTURE — The mechanical water absorption of RESISTANCE TO HEAT — Because of superior resistance to deteriora- 
Butyl insulation in 90°C. water is only about one-sixth that of oil tion caused by heat and traveling arcs, Butyl helps make possible 
base compounds. This is an important characteristic for insulations the first low voltage busway system (600 v and below) designed 
to be used in direct burial, underground conduits, etc. specifically for aluminum conductors. 


RESISTANCE TO WEATHERING — Butyl’s inherently higher resistance RESISTANCE TO AGING — Buty]! is virtually ageless. That’s why it 
to sunlight, moisture and weathering makes it the ideal material was selected to stand up to sunlight and ozone in outdoor watt-hour 
for this indoor-outdoor transformer casing. Integral molding of meters. Butyl provides dependable insulation and must resist all 
external parts provides reliable weatherproof insulation. weather conditions for 30 years. 


Enjay Butyl is the best of the vulcanizable rubbers, either natural or syn- 
thetic, from the standpoint of electrical and dielectric properties, ozone and 
corona resistance, heat and moisture resistance, and long aging. Find out 
how versatile, low cost Butyl can help improve your products. For more in- 
formation call or write your nearest Enjay office. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron + Boston + Charlotte + Chicago + Detroit + Los Angeles + New Orleans + Tulsa 
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PERCENT GAIN IN CONTACT RESISTANCE 
DUE TO DUST 


#1 Horizontal 
Contact Starter 


#2 Horizontal 
Contact Starter 


Vertical Contact 
C-H Starter 


100% 200% 300% 400% 


Dust Environment Test of Vertical and 
Horizontal Contact Type Motor Control 


Vertical dust-safe contacts keep 
Cutler-Hammer Three-Star Motor Control 
working better... working longer 


“Dust can't collect on a vertical surface.” This is a simple fact, but an 
important one to users of motor control. To function properly the con- 
tacts in motor control must stay clean, free from all forms of dust under 
all operating conditions. And because dust can't collect on a vertical 
surface, only vertical contacts are truly dust-safe. For proof look at the 
results of this test. 

Both horizontal and vertical contact type motor starters were sub- 
jected to a dust environment for four hours. The vertical contacts 
proved their immunity to dust by maintaining a constant contact resist- 
ance. But the contact resistance of horizontal contacts skyrocketed, 
and as contact resistance increases so does heating, pitting and wear, 
resulting in rapid contact failure. 

These are the facts . . . facts which show you why it's wise to stand- 
ardize on Cutler-Hammer Three-Star Motor Control with vertical dust- 
safe contacts. 


ee ee ee a eu ee nee 
Associates: Conadian Cutler-Hammer, L1G; Cutler-Hammer Mexicana, S. A; intercontinental Electronics Corporation 
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graph 4.15.2.2 MB Electronics, Box 
1825, New Haven 8, Conn. >561 


SILICONE RUBBER 


'HEATING UNITS 


Thin heating units are made of pat- 


terns of 36 AWG resistance wire pro- 


tected on both sides by sheets of) 


| Continental Diamond Fibre Corp. flexi- 


SS EE, 


| ble-glass-cloth-reinforced silicone rub- | 
ber tapes. Similar in construction and 





operation to electric blankets or heat- 


ing pads, flexible heaters are used in| 
military and industrial applications to | 


| keep equipment at proper operating 


temperatures. Heaters are made in all 
sizes, in plane shapes and in com- 
pound shapes that can be approxi- 
mated by plane shapes. Units are 
supplied with accessory equipment 
such as thermostats, metal backing | 
plates, connectors, eyelets for lacing, 
snaps, etc. Heaters are custom-de- 
signed for particular use. Electro-Flex 
Heat, Inc., 83 Woodbine, Hartford, 
Conn. > 562 


SPLIT-PACKAGE 
SHAFT-ANGLE DIGITIZER 
Systems requiring optical shaft-angle 
encoding, but having limited space at 
point of angle measurement may use 


| Model DV-13D digitizer. Cable up to 
|3 ft in length carries 13-digit reading 


| signals from 25 cu-in. converter head 


at point of measurement to 13 separate | 
amplifier channels. Amplifier assembly 


| is 37 cu-in. Angle reading is at a rate 


of 100 complete digital words per sec- 


| ond and to an accuracy of +2.5 min. 
| Separately-packaged reading head, se- 


cured on Size 23 to Size 35 synchro 


| mount, contains built-in calibration 
|cell for monitoring encoder operation 
|and for mechanical alignment. Elec- | 


SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—-the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


SON SLIT ER THE 


Sats,* 


PTE PE PLETE LIL EB EME | 


DYNACOR, 


| A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 
10431 METROPOLITAN AVENUE + KENSINGTON * MARYLAND 
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trical output of each amplifier chan- 


nel is 5 volts for ONE and less than 
50 mv for zero. Dychro Corp., 12 
Centre Ave., Newton 58, Mass. 563 


Outstanding in their fields for continuous MAGNETIC CLUTCH 
eT TT toa development and design Size 8 Series OR miniature precision 


magnetic clutches can be supplied for 
voltage applications of 6 to 115 volts 
d-c (standard is 24 to 28 volts) and 


ere available in reverse- or direct-act- 
ing types and any combination of 
brake and/or clutch actions. Same 
basic design available with 14-in. diam 
input shaft substituted for input flange. 
Series OR units meet MIL E 5272B 
and find application in remote control 
systems, computers and guidance sys- 
tems. Duplex clutch illustrated features 
total torque output of 20 in.-oz at 3.5 
watts and zero backlash. Weight, 2.4 
0z; response time, 8 millisec. Orbit 
Instrument Corp., 131 Eileen Way, 
Syosset, L. I., N. Y. > 564 


GENERAL-PURPOSE 
GERMANIUM TRANSISTORS 


Low-cost alloy-junction series uses di- 
rect glass-to-metal seal between metal 
case and glass header. Ten types of 
industrial p-n-p units for general pur- 
pose applications such as medium fre- 
quency switching and servo amplifiers 
(Types 2N1372 through 2N1381) fea- 
ture 250 mw dissipation, 200 ma col- 
lector current and operation to 100 C. 
The 2N1380 and 2N1381 typical d-c 
beta is 100. Types 2N1372 through 
2N1379 have d-c betas from 30 to 300 
in 4-to-1 beta spread categories. Col- 
lector-to-base voltage ratings are 12. 
25 or 45 volts. 

Six p-n-p “entertainment” transistors 
are Types 2N1273 and 2N1274 for use 
as Class A and Class B amplifier with 

NWL custom-built Transformers are made to fit the particular collector dissipation of 150 me, collee- 
needs of the user. Each Nothelfer transformer is individually tor current of 150 ma and typical beta 
tested for core loss, polarity, voltage, corona, insulation break- of 50. With typical d-c beta of 80, the 
down and aging characteristics and must meet all customer's 
requirements before shipment. We shall be glad to receive your 


specifications and quote you accordingly. 


ESTABLISHED 1920 


sm 
a SAY: NO—TEL—FER 


NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. EM-10, Trenton, N. J. 
Specialists in Custom-Building 
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The 
Systems 


Approach 
To 


POWER _ NON-TRACKING 


CONVERSION et tr eererescococese +A RC 
The 60 to 400 cycle frequency changing motor generator set 9 i rd % Cc 4 i A G 


and complete controls are mounted together on the skid base. 
This smaller type cubical contains all necessary meters, laced 

and channeled circuitry, motor starter with stop and start push 

buttons and a Kato static REGOCITER combination voltage : 
regulator and static exciter. Kato MAGTROL static regulators are Electrical Moldings 
manufactured for use with brushless AC generators which mus! | 
have rotating exciters. ROSITE 
No. 3250 





Investigate Kato’s complete line — 60 and 400 cycle genera 
tors — various speeds — brushless or slip ring types — m tor | 
generators for all power converting needs — complete line of 
controls for all rotating electrical machinery. 


NOW KATO’S complete line of generators 
also available in brushless design. 


SD eeeeeeeceeee 


VARIABLE FREQUENCY MOTOR GENER- 
ATOR SETS in a wide range of styles and 
sizes. Extensively used as a source of vari 
able frequency power to synchronize speed 


BEFORE @& 


Four fibre parts and 6 
rivets were needed fo 
make assembly. 


AFTER 


One ROSITE No. 3250 Safety Switch 


Molding replaces the 
old method for Bulldog ARC QUENCHER 


Electric Co. part. 


changes of two or more drive motors 
Common frame design or separate units, 
belted or direct coupled as desired. 


WRITE TODAY | 
Emaginccring Company | “ron veraits 
AND FOLDER! 


128 MAXFIECD AVE., MANKATO, MINNESOTA | 
BUILDERS OF FINE ROTATING ELECTRICAL VACHINERY SINCE 1928 
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20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 


Here's dramatic proof of the benefits that are 
available to users of new hot-molded ROSITE. 
The snuffing head above carries a shorting bar 
for closing stab type switch blades. By using 
ROSITE, the manufacturer substituted a single 
molded part for a 10-piece assembly. The savings 
were obvious and the new ROSITE molding had 
0 ieacmaai and arc quenching qualities 
as well. 


SIZE REDUCTIONS — ROSITE hot-mold 
compounds can offer size reductions because they 
possess non-tracking ... arc-quenching qualities 
which make smaller ROSITE parts do a better 
job than larger assemblies or moldings. A real 
boon to designers! 

ECONOMICAL — Save on size, weight and cost. 
Send us your drawings, let us study your prob- 
lem. Then we can quote to show how ROSITE 


does a better job for less. Do it today for your 
products’ sake! 


** °*PATENTED— ROSITE’S new SEND FOR 
hot-mold No.3250 incorporates NEW 
a patented arc-quenching CATALOG 


et OOP eeeeeseeeeseeeeeeeeeeerere COCO OE HEE EE SESE EEE EE HOEEOEEEE SSH ESEOTEOSHFESOSESOHESHEOOR SET HS, 


characteristic. This is a new 
dimension in hot mold com- | —, 
pounds, now making it possi- mositE 
SPURS @ HELICALS @ WORM AND WORM GEARS i oe ee 
STRAIGHT BEVELS e LEAD SCREWS * RATCHETS a 


that have made ROSITE cold 
CLUSTER GEARS ®@ RACKS @ INTERNALS ® ODD SHAPES moldings the stenderd for 


quality electrical parts. 


ROSTONE 
CORPORATION 


2405 $. Concord Road, Lafayette, Indiana 
1033 PARMELE ST. ROCKFORD, ILLINOIS For Canadian requirements contact 
Electro Porcelain Ltd., Kitchener, Ontario 
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BONS 


HIGH TEMPERATURES 


VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat 
endurance at temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were 
developed by Varflex for applications ‘in- 
volving continuous operating temperatures 
up to 260°C. Exceptional stability is com- 
bined with the following qualities .. . 


FLEXIBILITY... sharp turns and 90° bends 
cause no cracking or peeling — no loss of 
dielectric strength. 


DIELECTRICALLY-STRONG—AIl grades conform to 
NEMA and MIL-I-3190 standards. 


MOISTURE-RESISTANT—including resistance to 
salt water, mild alkalis and acids. 


FLAME-RESISTANT — Standard burning test is 45 
seconds to burn 1 inch. Can be made self- 
extinguishing on special order. 


COLD-RESISTANT—Excellent resistance to chafing 
and abrasion, flexible to —35°C.* 


*For temperatures down to —65°C, and for 
See requiring extraordinary flexi- 
bility, we recommend our new Varglas 
Silicone Rubber sleeving and tubing. In- 
quiries invited. 


Send 
for 


Mail coupon today for free folder containing 25 
different test samples of Varflex insulating sleeving, 
tubing, lead wire and tying cord. 


25-volt 2N1370 and 45-volt 2N1371 are 
for Class A and Class B amplifier ap- 
plications requiring higher gain. 
Medium power types 2N1382 and 
2N1383 feature 200 mw collector dis- 
sipation and 200 ma collector current 
ratings for use in Class A and Class 
B circuits requiring higher power. All 
six entertainment types have maximum 
junction temperature rating of 85 C. 
Texas Instruments, Inc., P.O. Box 312, 
Dallas. Texas. >565 


CANDELABRA SOCKET 


Socket for pilot, indicating or instru- 
ment light in electronic work uses 
small 115-volt candelabra lamp. Phen- 


olic resin husk over copper screw shell 
with solid copper center contact. Type 
212N socket is provided with brass 
nipple with '4-in. electrical pipe thread 
and two hexagonal steel lock nuts. 
Kulka Electric Corp., 633-643 So. Ful- 
ton Ave., Mount Vernon, N. Y. > 566 


MAGNETIC CONTROL 
REACTORS 


Reactors for application such as motor 
and generator speed control, regula- 
tors, battery chargers. electro-plating 
control and regulated power supplies. 
are designed for 60 cps operation. 
Magnetic control reactors may be sup- 
plied to operate on any a-c line from 
26 to 115 volts. Output rating is 7 
to 300 watts; use of high-gain toroidal 
coils provides control with 2 to 5 amp- 
turns, respectively. Units packaged in 
standard MIL-T-27 cases, potted and 

(Continued on page 330) 


Ss 


CORPORATION BES REN OREM RHE KO eee 


. Makers of Electrical 
tas VARFLEX SALES CO., INC., 309 N. Jay St., Rome, N.Y. 
(For Silicone Products Only) 


Eien send me free folder containing samples of your electrical insulating tubing and 
sleeving. 


I am particularly interested in insulation for 
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NO DERATING 
with IRC Resisteg Coated 
Power Resistors 


Exclusive RESISTEG COATING 

accounts directly for the ability 

of IRC Power Resistors to oper- ear: | | 

ate at full rated power—even at | | IRC RESISTEG a POWER RESISTOR 
high resistance values. Resisteg 


Coating is cured at less than N 


205°F. This is more than 1000° 
lower than is required for other 
power resistor coatings. 


With Resisteg low-temperature 
curing there is no tendency for 
wire turns to shift, no necessity 
for tight windings, no hot spots 
from arcing-over, no appreciable 
change in temperature coeffi- 
cient or resistance. 


Jy OF MAXIMUM RATING 


Resisteg Coating permits the 

use of close spacing, large wire 

diameter, and maximum number 

of turns. This increases the 

transfer of heat from the interior 

of the IRC resistor to the termi- 

nals—providing a safety margin 

for surges and minimizing any | | - = , 
need to derate at high ambient aa ea ee: ac aaa 
temperatures. For the “inside 

story’”’ of power resistors, write IRC Resisteg Resistor [J Comparative wattages of vitreous resistors in 
for Bulletin C-1C. kates sce 


INTERNATIONAL RESISTANCE CO. © Dept. 292, 401 N. Broad St., Phila. 8, Pa. © In Canada: International Resistance Co., Ltd., Toronto, Licensee 
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DONT TRI P 
was we, ae se 


. Yield Strength 
Tensile @ Ve% 


Kominal Composition Strength Extension 
Per Cent Pounds Under Load 


Per Sq. In Lbs. Per Sq. In. 


(a) 
“SHEET AND STRIP 

Electrolytic 1.P. Copper. -323 99.90min. 50,000 34,000 45,000 11,000 
Oxygen Free Copper (OFHC).. . -232 99.92min. 53,000 32,000 51,000 8,000 
Gilding, 95% ee .320 95.0 5.0 56,000 35,000 50,000 11,000 
Commercial Bronze, 90% -318 99.0 10.0 61,000 | 38,000 54,000 12,000 


Red Brass, 85% siee 316 85.0 15.0 70,000 40,000 57,000 12,000 
Low Brass, 80% ie 313 80.0 20.0 74,000 44,000 59,000 14,000 


Cartridge Brass, 70% pened -308 69.5 y 76,000 47,000 63,000 15,000 
Yellow Brass , -306 66.0 J 74,000 47,000 60,000 15,000 
Low-Leaded Brass Tr 306 65.5 74,000 49,000 60,000 17,000 


Medium-Leaded Brass ......... -306 65.5 33.40 1.10 74,000 49,000 60,000 17,000 
High-Leaded Brass .... : -306 62.25 35.75 2.0 74,000 49,000 60,000 17,000 
Contact Bronze .317 89.0 8.95 P0.15 1.9 90,000 72,000 
Cadmium Copper (Phono-Electric) . . eevee -321 99.10 Cd0.90 55,000 37,000 48,000 12,000 
Phosphor Bronze, 5% (A) ° sees -320 95.35 P 0.15 4.5 81,000 50,000 75,000 21,000 
Phosphor Bronze, 8% (C) tates -318 91.9 P 0.10 8.0 93,000 60,000 72,000 24,000 
Nickel Silver, 18% (B). $2 314 55.0 26.85 Mn0.15 Nil18.0 115,000 90,000 
Nickel Silver, (12%) ..... = 314 56.5 115,000 90,000 


Low Silicon Bronze, (B) (Duronze 609) .316 98.1 | _si19 =—Sst—i‘(ité‘ézrSCOBGOD | 45,000 50,000 15,000 
High Silicon Bronze, (A) (Ouronze 632)...... -308 96.95 Fe0.10 Si2.95 94,000 60,000 58,000 25,000 


ROD AND WIRE 
Commercial Bronze, 90% 318 90.0 10.0 
Red Brass, 85% +. -316 85.0 15.0 
Low Brass, 80% . ‘ Fes :313 80.0 20.0 
Cartridge Brass, 70%........ -308 69.5 30.5 50,000 
Yellow Brass piss sveresccnene -306 65.5 34.5 50,000 
Leaded Commercial Bronze............... 319 89.5 8.5 37,000 45,000 12,000 


BRIDGEPORT 
ALLOY 


Density Pounds 
Per Cu. In 


2 
High-Leaded Brass.......... ; -306 63.25 34.95 1 55,000 45,000 42,000 15,000 
Free-Cutting Brass....... -307 61.25 35.35 3 58,000 49,000 45,000 20,000 
Telturium Copper.......... 323 | _99.50_ [e050 SS«Y~S=«44,000 |__| 38,000 


0 

8 

-40 

Low Silicon Bronze, (B) (Duronze 609) -316 98.1 80,000 

High Silicon Bronze, (A) (Duronze 632) -308 96.95 Fe0.10 Si2.95 94,000 58,000 25,000 

Aluminum Bronze (Duronze 707) 278 90.85 Al 7.15 Si2.0 50,000 

Tin Bronze (Phono-Electric)...... -321 98.6 1.4 65,000 | 40,000 

Cadmium Copper (Phono-Electric) eee -321 99.10 Cd0.90 70,000 40,000 

Bridgeport Forging Rod. Peeks .305 59.00 | 39.25 1.75 ——————~=S«&@Y?~C«‘AT2,OOO | 52,000 50,000 20,000 
f 0.75 ‘ 72,000 


Manganese Bronze -302 58.5 39.45 Mn0.3 
Fe 1.0 


278 90.85 Al 7.15 Si2.0 90,000 
Aluminum Bronze | Properties As Hot-Forged 90,000 


SEAMLESS TUBES 
Oxygen Free Copper (OFHC). 99.92min. 
Deoxidized Copper (DHP). . . 99.90min. PO.02 
Deoxidized Copper (DLP)...... . 99.90min. PO.07 


Low-Leaded Brass ; 05 
High-Leaded Brass.... . 1.75 


83,000 55,000 30,000 


Compare... | SPRING PROPERTY 


these tables to compare as Rating 
more generally used lative 


Aart ao 
» Spring 
and machinability. 


be able to convert 
to a more eco- 


ma’ 
retaining most of 
properties. 


Sve eSes8ee 
COwW@OwOuUsSwne 
yesesesss 


aa 
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Elongation 
In 2 In. 
Per Cent 


B56 F33 9.8 228 Hard-to-form switchgear 
B64 F52 10.0 135 
45 


B70 F57 10.2 109 44 20 Contact switches for non-critical locations 
B77 F60 10.4 92 37 30 Contact switches for non-critical locations 
B82 F6l 10.6 81 32 30 Contact switches for non-critical locations 


Rockwell 
Hardness 


F @ 68° F 


SUGGESTED APPLICATIONS 


F from 
77° F —572° F x 10 


per 
Elec. Conductivity 


Thermal Conduct. 
% IACS @ 

68° F Soft 

(a) Machinability 
Rating (approx.) 


Coeff. Therm. Exp. 
Btu ‘sq. ft. 


ft. hr. 


B82 F64 11.1 70 28 30 Contact switches for non-critical locations 
B80 F64 11.3 67 27 30 Contact switches for non-critical locations 
B80 F68 11.3 67 26 60 For special auxiliary equipment used with current-carrying equipment 


57 
54 B80 F68 11.3 67 26 70 For special auxiliary equipment used with current-carrying equipment 
52 B80 F68 11.3 67 26 90 For special auxiliary equipment used with current-carrying equipment 
B90 10.4 81 30 Spring contacts 
B65 F47 9.8 199 20 In radar and electronics where small space, high conductivity and strength are required 
52 B87 F77 9.9 47 18 20 Superior spring properties 
63 B93 F82 10.1 36 13 20 Superior spring properties 
B99 9.3 17 30 Excellent for telephone applications — contacts 
B99 9.3 30 Excellent for telephone applications — contacts 
45 B80 F70 9.8 27 : 30 Current-carrying catenary — wire connector bolts, line splice parts 
60 B93 F85 9.3 21 30 Current-carrying catenary — auxiliary equipment, line splice parts 
10.2 = Contact switch screws and fasteners 
10.4 Contact switch screws and fasteners 
10.6 Contact switch screws and fasteners 
11.1 Contact switch screws and fasteners 
11.3 Contact switch screws and fasteners 
F55 10.2 28 Contact switch screw machine parts 
B75 F65 67 26 90 Contact switch screw machine parts 
B78 F68 67 26 100 Contact switch screw machine parts 
| =| B35 | | 98 | 204 | 90 | 90 | 90% conductivity arid superior machining for screw machine parts 
50 9.8 27 9 30 Current-carrying catenary wire connector bolts, line splice parts 
60 9.3 21 7 30 Current-carrying catenary auxiliary equipment, line splice parts 
30 B85 9.2 20 7 60 Good in corrosive conditions 
9.9 120 48 Catenary construction bolts—higher than 609 conductivity 
9.8 199 85 Catenary construction and electronic small space applications 
B78 F78 11.5 69 27 80 When hot-forged, used in supporting members 
B85 B55 11.8 63 25 30 
B85 
B85 When hot-forged, used in supporting members 


B56 F33 228 102 20 Copper bus tubing auxiliary parts 
2 B60 F40 196 85 20 Copper bus tubing auxiliary parts 
45 B60 F40 228 100 20 Copper bus tubing auxiliary parts 


50 B80 F70 ll 67 26 60 Can be used instead of rod for catenary and auxiliaries 
50 B80 F75 13 67 26 80 Can be used instead of rod for catenary and auxiliaries 


4 
3 
5 
5 
5 
7 
8 
8 
8 
7 
7 
3 
6 
10 
10 
25 
25 
5 
8 


Alloys for electrical applications are the largest volume products of the Bridgeport Brass 
Company. Use the experience we’ve gained in metals technology and production procedures 
to help improve your product ... and in many cases, lower your costs. Bridgeport’s Tech- 
nical Service Men are awaiting your inquiry. Write to Dept. 4205 for immediate assistance. 


BRIDGEPORT BRASS COMPANY 
Bridgeport 2, Connecticut +» Sales Offices in Principal Cities 
Specialists in Metals from Aluminum to Zirconium 
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EnMRCOR’ CABINETS 


ENCLOSE “NERVE CENTERS" 
FOR AUTOMATIC PRODUCTION 


EMCOR Cabinets house equipment for testing of microwave components at the TAPCO 
GROUP, Division of Thompson Ramo Wooldridge Inc., Cleveland, Ohio. 


Standard EMCOR Cabinets prove their ver- 

satility and flexibility daily in industrial 

applications. Electronic computers, data 

loggers, readout gear, testing and research 

equipment are housed in EMCOR units in 

hundreds of key installations. Advanced 

EMCOR Engineering “know-how” in metal 

cabinetry is keeping pace with automatic 

production line operations. Costly custom 

housing design time is eliminated. The flex- 

ible,..versatile and structural capabilities of 

: over 600 basic frames in the EACOR MOD- 

SMART’ <The Sequecticl Meck, ULAR ENCLOSURE SYSTEM solve the daily 
anism for Automatic Recording and = packaging problems of industrial design 


Testing designed and built by ‘ s ; 
Texas Instruments Incorporated, engineers. Let EMCOR Engineering “know- 


Dallas, Texas. The unit evaluates 
transistors automatically and eco- 
nomically with consistent accuracy. mation today. 


how" work for you. Write for full infor- 


Your copy of catalog 106 condensed version 
available upon request 


Originators of the Modular Enclosure System 


ELGIN METALFORMERS CORP. 
630 CONGDON, DEPT. 1232 © ELGIN, ILLINOIS 


*Registered Trademark of Elgin Metalformers Corporation 
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hermetically sealed. Magnetico, Inc., T. 
A. Div., 6 Richter Court, East North- 
port, L. 1, N. Y. +567 


LOCK-SPINDLE 
BLIND RIVET 


Factory-assembled three-piece type 
MLS fastener consists of Monel sleeve, 
pin of 17-4PH stainless steel alloy 
and Monel locking collar. It is being 
produced in ¥, 542 and “ge in. nominal 


RS 


sleeve diameter. Head styles are pro- 
truding (AN 470 rivet head) and 100- 
deg AN427 countersunk. All sizes 
are available in “¢-in. grip (sleeve 
length) increments. During installa- 
tion, MLS pin is automatically broken 
off essentially flush with head end of 
rivet sleeve. Pin is positively retained 
within sleeve by mechanical lock fol- 
lowing installation. MLS pin includes 
integral extruding land which  ex- 
pands the sleeve to completely fill hole. 
Huck Manufacturing Co., 2480 Bellevue 
Ave., Detroit 7, Mich. >568 


D-C SOLENOIDS 


Alpha solenoid line for d-c only con- 
sists of P series comprising the pull 
type and the Q series comprising the 
push type. Diameter ranges from 2.25 
to 12 in. and overall height from 
3%6 to 17%6 in. Solenoids are designed 
for continuous-duty operation without 
use of protective switch to reduce cur- 
rent after plunger moves into sealed 
position. Pull capacity when used 
without protective switch ranges from 
4 lb at 0.5-in. stroke to 100 lb at 7-in. 
stroke. Pull with protective switch 
ranges from 10 lb at 114-in. stroke to 
about 600 Ib at 7-in. stroke. Provided 
as bottom-mounted, top-mounted and 
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A tape so thin 3 
it looks “poured on” 


J-M Dutch Brand Polyester Electrical Tape 


¢ Extraordinary thinness and flexibility 
¢ 4500-volt dielectric strength per layer 
¢ Stability at high temperatures 


A 
r$ 
if 7 Put a layer of J-M Dutch Brand Polyester Electrical Tape on a coil wind- 
“~€ F ing, and you’ll see every turn of wire stand out, sharp and clear. The one- 
* mil thickness and extra stretch of this unusual tape allow for maximum 
conformation to irregular surfaces with minimum tape build-up. 
One of 15 brand-new tapes for the electrical “specialist,” Johns- 
Manville Dutch Brand Polyester Tape is ideal for Class B insulation in 
electric motors. Its dielectric value is 4500 volts. It stays stable at operat- 
ing temperatures up to 125°C... resists oil, grease, corrosive chemicals, 
solvents, punctures, tears, and moisture. Available with a thermosetting 
adhesive that won’t throw out at high speeds, or with a pressure-sensitive 
adhesive that holds instantly and never becomes brittle. | 
Get complete facts on the full Johns-Manville Dutch Brand line of 
easy-to-apply electrical tapes today. Write for literature. 


JOHNS-MANVILLE DUTCH BRAND DIVISION 
7800 S. Woodlawn Avenue, Chicago 19, Illinois 
JOHNS -MANVILLE 


Jouns-MANVILLE vy 


PRODUCTS 
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SOOSHPSOOSOSEEOOHOHOSSOOSOOOOSOOSSOOOEOOOOOOOOOOOOEOOOE® : ‘ 
wall-mounted units; with plunger flush 


with frame or projecting out of frame. 
For shunt connections solenoids are 
offered to 750 volts; for series con- 
nections, for any value of current con- 
sistent with size of solenoid and to 
withstand 750 volts to ground. Trom- 
betta Solenoid Corporation, Milwaukee, 


Wis. >569 


NYLON GROMMET 


One-piece, solid grommet of Zytel 103 
nylon is inserted through aperture and 
flanged over by a tool. Tool (illus- 
trated at left) may be used in drill or 


PRECISION - RELIABILITY - QUALITY 


e FILTER NETWORKS ¢: 
* MAGNETIC AMPLIFIERS 
¢ TRANSFORMERS 


(Pulse, Audio, Power) 


custom made to MIL 


and industrial specifications 


arbor press or in hand-pressure mech- 
anism. Each size. from “46 to 2% in. 
diam, fits sheet gages from 0.025 to 


Key ston soe we kf 


904-6 TWENTY-THIRD STREET UNION CITY, NEW JERSEY 
UNion 6-5400 ¢ 


SOCHOSSSSSSSSSSOSHSSOSOSOSOSSSOSSOSOSOSEOOSESSOOEOOOEOEE . : ; , 
Circle 318 on page 17 holes in electronic equipment, bearings 
for light mechanical assemblies or re- 


Srp placement for rubber feet. Western Sky 

a . Industries. 21301 Cloud Way. Hayward, 

i atu ” de ve Ae Thug ae Calif. *570 
MICRO-MINIATURE 


IRON CORE /f Process #25 CIRCUIT WAFERS 
Development 


0.250 in four basic lengths. Suggested 
uses: electrical and thermal insulators 
between metal surfaces which are di- 
rectly attached by bolts through 


grommets, protectors around access 


Line of custom and standard micro- 
Developed b : 
eer P y element wafers for both experimental 


? RADIO CORES, INC. and production requirements in micro- 

TT Tee le f ane So z 

. Peat Originators o miniature circuitry are available. 
Wafers, fabricated from high-alumina 


Te ENGINEERED ECONOMY 280002 


ert suit requirements, can be supplied in 

IRON CORES thicknesses down to 10 mils: less on 

Corrects: for ) special order. Units are drilled, ground 
Non-uniformity Get even, smooth-running, satisfactory torque control in and finished to specifications for end 


application of threaded cores to coil forms with ) or sub-strate applications with hole 


of torque in phenolic 
| Gatien eee elgur EQUI-TORQUE PROCESS #25! f sizes from 10 mils. Tolerances on hole 
% Specially processed Lubricates to ease; diameters, slots. channels and edge 
a a eee notches are within 0.0002 in. Where 
* errs * orto for 5 desired, wafer surfaces can be finished 


* Covers all thread *% Uniform running ) 
form ‘ torque / 


* Wax withstands * Equalizes initial 
200°F. and running torque 


* Recycling *% No deterrent in 
excellent function with aging 
"Trademark ) 
Operational tested and now being used by leading 
television, radio and coil manufacturers. 
mtmete 


METAL 
POWDER 


ial od 
GArden 2-3353 


INDUSTRIES 
FEDERATION 


Circle 319 on page 17 ELECTRICAL MANUFACTURING 





OCTOBER 1959 


Another Tinnerman Original... 


Self-locking SPEED NUT® goes on fast, 
never shakes loose...and reduces costs! 


With only one piece to handle, you can quickly 
position this Tinnerman Flat-Type SPEED Nut in 
screw-receiving position in one motion. No 
threaded nuts, no lock washers, no spanner washers 
to worry about. 

Drive the screw and this spring-steel fastener 
locks tight, never to shake loose; yet easy to remove 
and reuse whenever you desire. SPEED NuTs won’t 
freeze on screw threads! 

Tinnerman Flat-Type SPEED Nuts are made in 
a full range of sizes, tensile strengths and corrosion- 
resistant finishes. Design variations also provide 
many multiple-function special types. 


Lower cost per thousand plus lower cost of 


’ 
assembly give you maximum cost-reduction béne- 


fits... with maximum fastening assurance. 


For more information, refer to your Sweet’s 
Product Design File, section 7-Ti. Your Tinnerman 
representative has samples and prices. He’s listed 
under “Fasteners” in the Yellow Pages. Or write to: 


PRODUCTS, INC. 
Cleveland 1, Ohio 


TINNERMAN 
Dept.12 « P.O. Box 6688 + 


TINNERMAN 


Speed Nuts 


té@-s 


FASTEST THING IN FASTENINGS® 
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CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd, Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg 
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Concept in 
Motor Control 


BY 
FURNAS 
ELECTRIC 


This NEW outstanding line of 
Magnetic Starters features ad- 
vanced design to assure superior 
performance and longer life. 
It reduces parts inventory and 
provides quick and easy field 
modification. 


Tole 
ELECTRIC ~ 


Thermal 


Assembly Overload Relay 


NEW trip-free Thermal Over- 
load Relays—manual or auto- 
matic reset. Third overload re- 
lay kit can be easily added in 
the field. 


NEW Dual Voltage 110-220 
or 220-440 Volt Coil reconnect- 
able on the job. Magnet features 
just one moving part. 


Modification 
Kits 


Contact 
Block 


NEW Modification Kits in- 
clude push button, selector 
switch, pilot light, and third 
overload relay. 


NEW non- tracking Contact 
Block is impact resistant. Com- 
pletely visible and front remov- 
able silver-cadmium oxide con- 
tacts. 


WRITE TODAY FOR FREE 


COLOR BULLETIN 14-Bl, featuring Magnetic 
Starters through 400 bhp. 1024 McKee Street, 


Pr ee eng eee 
| 
| 
| 


Batavia, Illinois. 


UES t@ eaten) ky 


owe ee ee a 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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to optical tolerances. Zenith Optical 
Laboratory, 1940 Great Neck Rd., 
Copiague, L. I., N. Y. >571 


R-F CABLE CONNECTORS 
“ConheX” Type 3040 and 3050 accom- 


modate older miniature r-f cables, such 
as RG-68 C/U and RG-59 A/U, which 
are larger in diameter than the latest 


- wa 


— 
all 

Service specifications — subminiature 
cables. These connectors have larget 
body and clamping components than 
regular 75-ohm series, but will mate 
with 75-ohm “ConheX” receptacles and 
jacks. Illustration shows larger Type 
3040 alongside 75-ohm size. Sealectro 
Corp.. 139 Hoyt Street, Mamaroneck. 
N.Y. >572 


EMBEDDING RESIN SOLVENT 


RCM solvent is used for salvaging 
electronic components which have 
been embedded in epoxy or polyester 
resins. Embedded component is placed 
in covered container of solvent. After 
resin has disintegrated, which is usu- 
ally overnight, the component is re- 
moved and residual solvent allowed 
to evaporate. Solvent may be filtered 
and reused. Solvent is non-inflammable 
liquid with low order of toxicity. 
Silicone mold-release formulation also 
available. Resin Consultants & Manu- 
facturing Co., Inc., 132 Nassau St.. 
New York 38, N. Y. >573 


THERMOCOUPLE CERAMICS 


Thermocouple tubing produced from 
spectrographically pure alumina has 
been perfected in a size range down 
to 0.030 in. OD. Alumina body shows 
boron content less than 8 ppm; cad- 
mium, less than 10 ppm: _ hafnium, 


(Continued on page 337) 
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so quiet... 


In household appliances, quiet operation adds sales 
appeal! 

That’s why the hushed quietness of Hoover ball 
bearings is so important to manufacturers of electric 
motors. Made with super-smooth Hoover Honed 
raceways and precisely matched sets of Micro- 
Velvet balls, Hoover quality ball bearings are extra 
quiet, extra long-lived. They contribute to the 
enduring performance of a wide range of products 
in the home and in industry. 


Hoover Honed and Micro-Velvet are Hoover Trademarks 


Hoover Ball and Bearing Company 

5400 South State Road, Ann Arbor, Michigan 

Please send Bulletin 110 which describes the full line of 
Moover Quality deep groove ball bearings. 


(SERS PC ag CaO 


BALL AND BEARING COMPANY Title_-_____-_____.___... 
5400 South State Road, Ann Arbor, Michigan Company _. <cnlialviigin ep cin crsenenetiiigtn ais ac sia 


Zone Sales 8581 South Chicago, Chicago 17, Illinois i aa a A i SN ta i 
Offices and 290 Lodi Street, Hackensack, New Jersey 
Warehouses 2020 South Figueroa, Los Angeles 7, California City ona insti bak li UOMO es cg aa 
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MOTORS 


solve your power problems with 
better performance at lower cost. 


Ever since Alliance originated the cost-cutting rim 
drive phonograph motor (in 1938), it has helped 
manufacturers build better products at lower cost. 

Because of its advanced research and engineering 
—as well as its large-scale production—Alliance 
gives you more for your money. Alliance motors 
power leading makes of business machines, remote 
control and timing devices, phonographs, household 
appliances and many other products. 

Shown on this page are just a few models from 
the complete Alliance line—available from stock or 
made to order. 


Write for complete catalog and quantity prices. 


Model B—an extremely quiet mo- 
tor used in tape recorders, fans 
and other applications. 1/35 to 
1/90 H.P. 


Model JSG—an extremely quiet 
gear train motor, made to order 
for TV tuners, rotisseries, remote 
controls and other applications. 


Model JPQ—four-speed phon- 
omotor with turntable. Used 
in stereophonic and stand- 
ard record players. 


Circle 323 on page 17 


WANTED: 


4 CHEMICAL ENGINEERS 


. with at least 5 years in electronics industry with particular 
experience in potting and encapsulation of coils, transformers, 
switches, junction boxes, etc.; also recent experience in molding 
of thermosetting plastics, filled rubbers and plastics, silicones 
and all form of polyurethanes. 


(A) One will act as Materials Engineering consultant to 
factory, design and outside supplier personnel. He will 
determine standards and prepare specifications on above 
materials. 


(B) Three will assume responsible Process Control posi- 
tions, supervising, planning, assembly tool designs, con- 
tributing to automation of potting and encapsulation 
process lines and converting engineering assembly print 
data to production actuality. 


BENDIX, KANSAS CITY DIVISION, offers capable men many 
professional and personal advantages. Highly progressive city 
features moderate climate, modern, uncrowded schools, short 
drive to work and many recreational and cultural attractions. 
Assistance program for advanced study at local universities 
if desired. Your inquiry strictly confidential. Send letter and 
resume to Mr. T. H. Tillman, Box 

303-LO, Bendix, Kansas City, Mo. 


LONG TERM PRIME CONTRACTOR 
FOR ATOMIC ENERGY COMM. 


eaeiset 
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less than 80 ppm. Swageable tubing 
supplied in popular types and shapes 
including single and multi-bore. Saxon- 
burg Ceramics, Incorporated, Saxon- 
burg, Pa. ->574 


GEARHEAD FOR 
STEPLESS DRIVE 


Gearheads with double spur gears in- 
crease range of smaller fhp Zero-Max 
stepless variable-speed drives from 120 


to 150 in.-lb of torque with speeds of 
0-80 to 0-2000 rpm. Gear heads from 
integral unit (illustrated) with drives 
(line drawing). Available gearhead 
ratios are 1 to 2, 3, 4 and 5 and from 
5. 4, 3, 2 to 1. Torque is constant and 
speed is infinitely variable. Zero-Max 
Co., 1900 Lyndale Ave. South, Min- 
neapolis 5. Minn. +575 


POLYSTYRENE ADHESIVE 


Solvent-type adhesive known as Logo 
Adhesive R-703 for bonding _ poly- 
styrene to polystyrene gives no frost- 
ing during use. Material is balanced 
to allow plastic to lay down smoothly 
with minimum of roughness, burring 
and blushing near glued sections. Pro- 
vides nearly instantaneous set. Bee 
Chemical Co., Logo Div., 12933 So. 
Stony Island Ave., Chicago, Ill. 576 


LONG-LIFE INDICATOR TUBE 
Nixie indicator Type B7031 is capable 
of continuous operation for over 30,000 
hr. Tube provides numerical display 
of 2-in. high digits. 0 through 9 in com- 
mon viewing area. Characters visible 


(Continued on page 340) 
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COPPER-GRAPHITE 


~ 


ILVER-NI 
SILVER-NICKEL SILVER-MOLYBDENUM 


SILVER-GRAPHITE 


SILVER-TUNGSTEN 


also Silver-Lead Oxide; Cop- 
per-Molybdenum;  Gold- 
Graphite; Silver-Copper 
Graphite; Silver-lron Oxide ELECTRICAL 
and many special types. CONTACTS 


(Above photomicrographs show 
typical contact cross sections 
at magnifications of from 100 
to 500 times.) 


here’s helpful selection and use data on 


THE CREAM OF OVER 
1500 CONTACT GRADES 


Just off press, this 56-page Stackpole Booklet 12-A is a practical guide to 
composition contact grades, possibilities, properties, uses, shapes, sizes . . . 
even contact attachment methods. 

By molding contacts from two or more metal or carbon-graphite powders, 
Stackpole Custom Engineering obtains a maximum of the advantages of 
each material and minimizes its disadvantages. The result is a greater overall 
efficiency than is generally possible with a single solid metal or alloy. Many 
of the most desirable contact metals cannot, of course, be alloyed satisfac- 
torily but they can be made from powders in almost any desired proportion. 


Composition contact engineering under exclusive Stackpole processes is 
characterized by its extreme flexibility in obtaining exact needed properties. 
This is best evidenced by the fact that over 1500 different grades representing 
different metallurgical mixtures have been produced for specific applications. 

In various instances, their advantages permitted increased equipment rat- 
ings. In others, they paved the way to smaller, less costly equipment. Often, 
they simply combined long, trouble free operation with maximum economy. 

This Booklet by no means attempts to present composition contacts as a 
universal answer to all problems. However, for design and production 
engineers who appreciate the basic logic behind them and who recognize 
that conventional contact types often leave something to be desired, it will 
provide a wealth of helpful information and guidance. 

A copy may be obtained on letterhead request (ask for Booklet 12-A) to: 
STACKPOLE CARBON COMPANY, St. Marys, Pennsylvania. 


CUSTOM ENGINEERED CONTACTS 


Also: BRUSHES for all rotating electrical equipment; GRAPHITE CHEMICAL ANODES 
BEARINGS e SEAL & CLUTCH RINGS @ VOLTAGE REGULATOR DISCS ¢ FRICTION SEGMENTS 
CERAMIC MAGNETS ... and many other carbon, graphite and metal powder products. 
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Shhhhhhhh! 


You'll have to be quiet to hear the new 
WESTINGHOUSE AIR-LINE MOTOR! 


You can hear a pin drop alongside a new, extra-quiet-running Westinghouse 
Air-Line motor. This new 48-frame shaded-pole or permanent split capacitor 
motor is the quietest and most failproof motor you’ve ever used. 

So very quiet because a Westinghouse design exclusive, a cushion of oil 
between nylon washers, never gives sound a chance. 

So failproof because Westinghouse has eliminated the major source of 
air conditioner failures by welding and wrapping all electrical connections 
with multiple windings of insulating tape. 

So moisture resistant because Westinghouse builds the entire motor for 
moisture resistance—with Mylar* insulation, a corrosion-resistant shaft, 
and double-dipped motor windings. 

So much shorter—the shortest motor ever—with perfectly flat end-bells 
and recessed bolts. 

No oiling for five years or more with Permawick lubricating system. 

With plug-in terminals or leads depending on your requirements. 

Plus dozens of other features that your local Westinghouse sales repre- 
sentative will be proud to show you. Ask him for a demonstration today. Or 
write to: Westinghouse Electric Corporation, Mr. C. B. Jakes, Industrial 
Motor Department, Lima, Ohio. 


*DuPont registered trade-mark 


(E 


J-03054 


you Caw BE SURE...1F ITs \ Vestinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES!| ARNAZ SHOWS” CBS TV FRIDAYS 
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CONDULET* 
Electrical Equipment 


Whatever the application, type of service or occupancy, 
there is a complete selection of Condulet electrical equipment 


in every type of construction 


*CONDULET is a coined word regis- 

tered in the U. S. Patent Office. It 
designates a brand of products 
made only by the Crouse-Hinds 
Company. 


. egnventional, weather- 
resistant, (Type EG enclosed and 
gasketed), vapor-tight, dust-igni- 
tion-proof and explosion- proof 
(see opposite page). In addition, 
new items are constantly being 
added to the more than 15,000 
listed in the Condulet catalog. 
Each one offers additional proof 
of the lasting advantages of qual- 
ity materials and manufacture. 


FOR COMPLETE INFORMATION 


on Condulet electrical equipment, 
see your Crouse-Hinds distributor . . . 
or write the Company direct. 


CROUSE@HINDS 


MAIN OFFICE AND FACTORY: SYRACUSE, NEW YORK 
Crouse-Hinds Company of Canada, Ltd., Toronto, Ont 
Crouse-Hinds Instrumen! Company, Inc., Silver Spring. Maryland 
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at over 150 ft. Indicator features side- 
viewing design. Burroughs Corp., Elec- 
tronic Tube Div.. Box 1226, Plainfield, 
nN,3. >577 


TELEPHONE-TYPE A-C RELAY 


Medium-size relay for 60 cps a-c has 
shaded-pole construction, with small 
operating-arm-to-armature ratio for 
maximum contact pressures. Class 66A 


relay available with contact combina- 
tions to 4PDT and contacts ranging 
from bifurcated twin gold-alloy con- 
tacts for low level switching to heavy- 
duty power contacts for switching up 
to 15 amp at 115 volts a-c non-induc- 
tive. Furnished for operating voltages 
to 250, 60 cps a-c; in open style, with 
dust cover or with hermetic sealed en- 
closures. Magnecraft Electric Co., 
3350A West Grand Ave., Chicago 51, 
Til. >578 


TOGGLE SWITCHES 


Series of pull-to-unlock toggle switches 
feature a positive lever-locking device 
as an integral part of the switch. De- 
vice holds toggle lever in set position 
and requires pull of 0.090 in. approx 
to change from one position to another. 
Series 13AT available from 2-pole 


—~640- 


through 4-pole units, with or without 
gold contacts and/or turret type term- 
inals. Each basic switch in an assem- 
bly has SPDT snap contact arrange- 
ment. UL listed at 5 amp, 250 volts 
a-c. Various toggle lever locking ar- 
rangements possible; illustrated switch 
locks in all three positions. Contact 
break distance is 0.010 in. min. Micro 
Switch, Div. Minneapolis-Honeywell, 
Freeport, Il. +579 
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completely 
automates 
intermittent 
operations 


ZEM/TH 

Multi-Operation 
TIME 

SWITCH 


AS MANY AS 48 “ON” anp 48 “OFF” OPERATIONS CAN BE 
HANDLED. The Zenith Multi-Operation Time Switch provides 
24-hour automatic control of all types of equipment day after 


Headquarters for 


HIGH POTENTIAL 


Ct ital: 


Every over-potential testing need from the 
super-power generator to the appliance motor 
. is met by a HYPOT® 


150 KV Testing . . Mobile HYPOT® 


Non-destructive testing of power cables, generators, 
bushings and insulators with AC and DC test poten- 
tials from 45 to 150 KV. Newly developed DC Mo- 
bile HYPOT® offer test facilities equivalent to AC 
testers of greater bulk . . . and are easier to handle, 
cost less. Write for bulletin “Mobile HYPOT®”, out- 
lining your requirements, 


30 KV Testing . . Bench HYPOT® 


Widely employed for insulation testing of cables, 
power distribution equipment and heavy duty motors. 
Models available with AC and with DC test poten- 
tials from 5 to 30 KV. Write outlining your needs. 


10 KV Testing . . Portable HYPOT Jr.® 


An advanced over-potential tester that enables anyone 
to make high potential breakdown tests. Separate lights 


indicate excess leakage current and insulation break-- 


down. Test voltage collapses on breakdown or shorts, 
protecting instrument and equipment. Models available 
with test voltage ranges from 1500 v a-c, to 10,000 va-c. 


day. Schedule is set up on an easy-to-operate control dial scaled 
to 15-minute calibrations. Tripping clips are non-removable 
but easily slide to the ON or OFF position. Calendar cutout to 
provide for non-working days is available as an accessory. 


Switch is powered by a heavy duty synchronous industrial 
motor. Rated at 1000 w., 60 cycle ac. 


Write for bulletin “HYPOT Jr.®”e 


Write Today 


ASK FOR FULL INFORMATION. Request compiete catalog on 
company letterhead describing Zenith Automatic Transfer and 
Remote Control Switches, Magnetic Contactors, Program 
Clocks and Timing Controls. 


See Classified Directory for Name of Local Distributor 


152 WEST WALTON STREET «¢ CHICAGO 10, ILLINOIS 
Circle 330 on page 17 


ASSOCIATED Tea 


2 
“Electrical Testing Instruments Since 1936" OP ZA 


3794 W. Belmont Avenue @ Chicago 18, Illinois 
Circle 328 on page 17 


LH WIRE 
CONNECTORS 


BAKELITE «© CERAMIC ¢ SET SCREW 


A TYPE AND SIZE FOR EVERY NEED 





300, 600 or 1000 VOLTS... 


"Hi" HAS 'EM! 


Fully approved by Underwriters’ Laboratories, Inc. and 
the Canadian Standards Association. MILLIONS IN USE! 


KE" O Gy 


SEND FOR BAKELITE BAKELITE CERAMIC 
FREE “SCREW-ON" "SET SCREW" "'SCREW-ON” 


SAMPLES MAIL TODAY FOR 1959 "Hi CATALOG 


SPECIFY TYPE AND 
WIRE COMBINATIONS 


SHH RR eS 


Bobbin Form Wound 
Paper Interleave High Temperature 


Send us your coil 
ry T-abieol Ci Meme ool m 


TRANSFORMERS MADE TO ORDER 
THE DANO ELECTRIC COMPANY 


93 Main Street « Winsted, Conn, 


HOLUB INDUSTRIES, Inc. 
445 Elm Street, Sycamore, Illinois 
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Laboratory 


and 


Engineering 
Equipment 


TRANSISTOR TRANSFORMER 
REFERENCE KIT 


Kit consists of a complete set of twelve 
matched miniature transformers, each 
covering a portion of the normal range 
of impedance ratios used in transistor 


circuitry. All transformers are bifilar 
four-winding 
eight-terminal configuration. Co-Netic 


wound with complete 


magnetic shielding foil is provided 
where needed. Kit also includes socket 
and manual. James Vibrapowr Co., 


4050 N. Rockwell, Chicago, Il. >580 


DIRECT-READING 
TORQUE INDICATOR 


Hand-size unit is offered in four basic 
ranges: 1-15 oz-in., 2-50 oz-in., 2-150 
oz-in. and 2-200 oz-in. Accuracy, 2 pet 


cent; reading, bi-directional. Full scale 


readings may be obtained with ap- 
proximately | deg of rotation of in- 
dicator. Weight, 7.2 oz. Autotronics 
Inc. Dept. 21. Florissant, Mo. >581 


AUTOMATIC NYQUIST 
DIAGRAM PLOTTER 


Design and testing of servo systems 


can be accomplished with Series 100 


342 


Nyquist plotter. Instrument is self-con- 
tained transfer function analyzer, in- 
cluding low-frequency generator, phase 
Nyquist dia- 
grams plotted with amplitude accuracy 


detector and _ recorder. 
of 1 per cent and phase angle accuracy 
of 1 deg. Time required for complete 
graph is 5 min, but this is reduced to 
90 sec if response below 1 cps is not 
required. Each 
10 in. 
quency 
Other extend low-frequency 
range to 0.025 cps. Series 100 is effec- 


graph approximately 
diam. Model 103 covers fre 
range from 0.5 to 250° eps. 
models 
tive with d-c or a-c electrical servo 
systems. Synchronous mechanical out- 
put available to operate pilot valve of 
hydraulic or pneumatic servos. British 
Industries Corp.. Special Instruments 
Div.. Dept. K 51. 80 Shore Rd., Port 
Washington, N. Y. >582 


TWO- AND FOUR-TERMINAL 
NETWORK MEASUREMENTS 
Electronic test instrument for two- and 


four-terminal network 
features two-channel 


measurements 
frequency-re- 


sponse display. 0.5 to 400 me frequency 
range and sweep width of +0.2 to 
“50 me. Type SWOB Polyskop dis- 
plays two quantities as a function of 
frequency in the form of continuous 
curves. West German instrument dis- 
plays frequency response of voltages 
which (depending upon check point 
of circuit being tested) are direct 
measure of attenuation, gain, linearity. 
matching, ete. Range of attenuation 
measurement is 45 db. Instrument per- 
mits display of the sweep signal gener- 
ator’s emf or output voltage. Typical 
problems which may be solved involve 
single-tuned circuits: 
limiters ; 
plifiers; 


band-pass filters; 
wideband amplifiers: r-f am- 
discriminators; and multi-sec- 


tion filters. Polyskop consists of sweep 
generator, precision attenuator, elec- 
tronic switch, and _ oscilloscope in 
cabinet. Rohde & Schwarz Sales Co., 
Inc., Box 275, Passaic. N. J. > 583 


WAVEFORM SYNTHESIZER 


Type 200 Synthesizer with Type A 
plug-in unit generates on output wave- 
form of any shape which may be ap- 
proximated 
Amplitude and slope of each line seg- 


by 50 line segments. 


« 
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independently varied 
without interaction to create desired 
overall amplitude and 
waveform duration may also be varied. 
When used with Type C variable-width 


plug-in unit, Synthesizer produces 50 


ment may be 


waveform: 


cutput pulses with independently vari- 
able width as well as amplitude. Exact 
Electronics, Inc.. Box 552, Portland 
7, Ore. >584 


TEMPERATURE INDICATING 
MATERIALS 


Three types of indicating materials are 
offered in eighty specific temperature 
ratings from approximately 100 deg F 
to 2500 F. Accuracy is 1 per cent of 
stated temperature rating. 

Marking stick is stroked on work- 
piece, leaving chalky mark which be- 
comes liquid at the stated temperature. 
Separate Tempilstik used for each 
temperature, 

Tempilaq liquid is applied to a sur- 
face, quickly dries and returns to a 
liquid when stated 
reached. 

Tempil Pellets melt when tempera- 
ture rating of pellet is attained. Tempil 
Corp., 132 W. 22nd St.. New York 
i a, ee >585 


temperature is 


DUAL-BEAM OSCILLOSCOPE 


Type 411 oscilloscope with multi-gun 
tube is capable of displaying X-Y plots 
and simultaneously displaying X or } 
signal against time. Sweep can be fed 
directly into horizontal deflection 
plates without amplification. One gun 
of dual-beam cathode-ray tube may be 
used as single-beam oscilloscope hav- 
ing identical amplifiers, each amplifier 
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Rollpin replaces 12 different fasteners 


REPLACING A GROOVED PIN... 
in this application, Rollpin 
serves as a stop pinina 
ratchet wrench adaptor. With 
its light weight and high shear 
strength, Rollpin functions 
perfectly . . . cuts assembly 
costs. 


\ 4 


REPLACING A KEY... Rollpin 
demonstrates its ability to do 
away with precision toler- 
ances, in this heating system 
damper arm. Faster, cheaper 
and more satisfactory than 


®& previous assemblies. 


REPLACING A RIVET SHAFT... 
Rollpin serves as an axle for 
the sparkwheel of a cigarette 
lighter. No riveting or thread- 
ing necessary .. . faster as- 
sembly. Note flush, clean fit. 


1 


REPLACING A COTTER PIN... 
Rollpin assembly time is 
shorter, service life ten times 
longer. Vibration-proof flush 
fit. Easily removable. 


a 
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REPLACING A SET SCREW... to 
fasten automobile brake han- 
dle a short length Rollpin is 
self-retained in the hand grip 
but can easily be driven into 
over-drilled hole in shaft for 
simple handle removal. 


REPLACING A CLEVIS PIN... here 
Rollpin holds firmly in clevis, 
permits free action of moving 
member. Rollpin application 
shown is the plate of a home 
workshop tool. 


e 
= 
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REPLACING TAPER PINS . . . in 
the assembly of precision dif- 
ferentials eliminated cost of 
taper pin reamers and the en- 
tire reaming operation. Roll- 
pin costs less than a taper pin 
and installation is cheaper. 
They remove easily. 


- 
a) 
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REPLACING A HEADED PIN .. . in 
this hinge pin application, 
Rollpin is simply and inexpen- 
sively driven in place, greatly 
reducing assembly costs. Con- 
stant spring tension holds 
Rollpin firmly in place .. . 
eliminates loosening of hinge 
due to wear. 


Oe 
a 


REPLACING AHUB ONAGEAR... 
Rollpin, self-retained in shaft, 
is simply snapped into mold- 
ed slot to position sintered 
gear. This application, by an 
office equipment manufac- 
turer, effects major savings in 
assembly. Rollpin’s high shear 
strength is particularly valu- 
able here. 


REPLACING A DOWEL PIN... 
Rollpin is used here to pre- 
vent rotation of a thrust bear- 
ing. No reaming, no special 
locking. Easily removed. 
Lowest possible dowel pin 
cost. 


REPLACING A BOLT AND NUT... 
Rollpins act as fasteners and 
pivots for the linkages in this 
electric welder. Rollpins may 
be used with a free fit in outer 
or inner members depending 
upon product design require- 
ments. 


REPLACING A RIVET... Rollpin 
serves as guide shaft for 
spring-loaded electrical inter- 
lock contacts: This electrical 
equipment manufacturer re- 
ports that rivet failure pre- 
viously occurred at the 
clinched end under normal 
operating impact and vibra- 


WHERE CAN YOU USE 
THIS SIMPLE FASTENER? 


Rolipin is the slotted tubular steel pin with chamfered ends 
that is cutting production and maintenance costs in every class 
of industry. 

Drives easily into standard holes, compressing as driven. 
Spring action locks it in place—regardless of impact loading, 
stress reversals or severe vibration. Rollpin is readily remov- 
able and can be re-used in the same hole. Made in carbon steel, 
stainless steel and beryllium copper. Write for samples and 
information, ELASTIC STOP NUT CORPORATION OF AMERICA, 
2330 Vauxhall Road, Dept. R47-1022, Union, New Jersey. 
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ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 VAUXHALL ROAD, UNION, NEW JERSEY 





Gommel OUTSTANDING 
HIGH- TEMPERATURE 
= WIRES 


ren CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 200°C 


CE 


ren CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


For continuous operation at hot- 
test spot temperatures up to 
200°C (392°F) and up to 
250°C (482 °F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recom- 
mendation for continuous oper- 
ation at hottest spot tempera- 
tures up to 250°C (482°F) and 
up to 300°C (572°F) for short 
periods of time. Ceroc has a 
flexible ceramic base insulation 
with either single silicone or 
single or heavy Teflon overlays. 
The ceramic base stops “‘cut- 
through” sometimes found in 
windings of all-flUorocarbon 
wire. Both Tetroc and Ceroc 
magnet wires provide extreme- 
ly high space factors. 

Write for Engineering Bulle- 
tins 405 (Tetroc Wires) and 

400A (Ceroc Wires). 


SPRAGUE 
ELECTRIC 
COMPANY 


2] 307 Marshall Street, 
North Adams, Mass. 


SPRAGUE 


THE MARK OF RELIABILITY 
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| field Ave., 


| General-purpose —a-c 


| cycles. Model 307 


| below case. 


| board 


with 1 mv full-scale sensitivity, while 
either X or Y input of this display 
canbe presented 
against time on other channel. Illustra- 
Lissajous fig- 
simultaneous dis- 


simultaneously 


tion shows two-to-one 
ure on Channel B; 
play on Channel A shows horizontal 
component of Lissajous figure plotted 
arrangement 
on front panel develops nine major 


against time. Switching 
modes of display, and by introducing 
Z-axis modulation, 27 additional dis- 
play modes are possible. Allen B. Du 
Mont Laboratories, Inc.. 750 Bloom- 
Clifton, N. J. >586 


A-C AMMETER 


ammeter has 
built-in transformer for use on 60 
ranges are 0) to 1. 


0 to 2.5. 0 to 5, 0 to 10 and 0 to 25 


amp. Insulated black molded case 2%, 
x 4144 x 1%. in. Posts extend 34 in. 
Triplett Electrical Instru- 


ment Co., Bluffton, Ohio. >587 


_ CENTRIFUGE 


Centrifuge for testing components 


| under positive and negative g effects 


and high ramp functions has two out- 
rotating tables mounted on 
boom. One table of Model A902 is spun 
by an_ independent, 
trolled power source (0 to 1800 rpm) 


separately-con- 


| which is used to produce sinusoidal g 


(Continued on page 347) 


WEST VIRGINIA 
PRESSBOARD 
INSULATION 


FULL LINE LOW COST 


Better Dielectric Quality 
No Metallic Particles... 
100% Virgin Kraft Stock 
Wide Choice of Thicknesses 
Uniform Quality 


PRESSITE 

For Air... Oil... Askarel Trans- 
formers. An absorbent, unsized board 
of 100% virgin kraft stock free of 
metallic particles. Excellent dielec- 
tric, physic*] and chemical properties. 
Thicknesses: .031"’ to .250’. Color: 
natural kraft. 


ELECTRITE 
Harder Board for Variety of Punch- 
ings. A high grade board treated with 
natural rosin size for moisture resist- 
ance. High tensile strength. Punches 
clean. Thicknesses: .031’’ to .250’’. 
Two colors: brown and black. 


DENSITE 
Extremely Hard Board . . . Sized or 
Unsized. Used by many manufac- 
turers to replace more costly types of 
insulation. Thicknesses: .031’ to 
.125’’. Color: natural kraft. 


Write: Board Products Sales, West 
Virginia Pulp and Paper Company, 
230 Park Ave., New York 17, N. Y. 


West Virginia 
Pulp and Paper 
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There’s a 


Ci 


DIAL 
HEAD 
AGASTAT 


for every time/delay/relay application 


Here’s what you get with every Agastat time/delay/relay 
e Easy adjustment 

Repeatable accuracy 

Instantaneous recycling 

Unaffected by voltage variations 


Low power consumption 


GET THE WHOLE STORY—write today for Bulletin No. SR-10 and find 
out how Agastat can help you to solve your time delay problems. Write 
to Dept. A35-1021. 


AGA ELASTIC STOP NUT CORPORATION OF AMERICA 
Recor 1027 Newark Avenue, Elizabeth, N. J. 


Gasaccumulator Co., (Canada) Ltd., 12 Gower Street, Toronto 16, Ontario 
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Have you discovered 


the new 
PRODUCT INDEX? 


It starts on page 364— just preceding the 
Index to Advertisers. 


This new Product Index answers a continu- 
ing need, expressed by many readers of ELEC- 
TRICAL MANUFACTURING, for a quick method 
of extracting information relating to any 
material, component or equipment discussed 
in either the editorial or advertising pages. 


The listing arrangement emphasizes brev- 
ity. It follows the same library-based subject 
classification system which was originally de- 
veloped for the ELECTRICAL MANUFACTURING 
Annotated Editorial Index. 


Get acquainted with this new reference tool. 
It can save time in your data researching. 
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HAGEN 


a a a 
timers... 


FOR INTERRUPTING 
ELECTRIC CIRCUITS 
AT A PRE-ARRANGED 
TIME SETTING 


%& Split Cams for variable 
percentage setting 


% Time cycles from ! sec. 
to 60 min. 


% Contact Rating 15 Amps. 
at 115 V. AC. 7.5 Amps. 
at 440 V. AC. 


MODEL 71 


Ideal for grease injection, 
motor control, humidifiers, sig- 
nal lights, pulsing circuits, 


vending machine and appli- 
ance control. One and two 


circuit models available. 


ENCLOSED 


Write for Bulletin 1310 for complete specifications and types 
available. Address Dept. EM-1059. 


¢ MANUFACTURING COMPANY 


Baraboo, Wisconsin 


@ Ask any user why he 
selects Star first for electrical 
porcelain and chances are 
he’ll tell you how Star is 
geared to help him eliminate 
production problems quickly 
and easily. For example, Star 
offers— 


e A wide range of materials 


e Closer tolerances as 
required 
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9 ehh scam : 


e Better quality materials 


e Customer engineering 
assistance 


e Promised deliveries 


Like to know more about 
Star electrical porcelain and 
“customer appreciation”’ 
service? Write today. 
There’s no obligation, 
of course. 


The STAR Porcelain Company 
34 MUIRHEAD AVENUE ean N 9, N 
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THRE WNATIONAL SCENE 


“From transistor radios to computers— 


one of National's 115 materials and grades will 
give you optimum performance in your design.” 


Why go on a wild goose chase from supplier to supplier 
for the special plastic material you need for your design? 
A time- and trouble-saving check with National gives you 
unbiased help and a material best suited to your property 


requirements. 


National offers the broadest line of basic engineering 
materials in the industry . . . over 115 materials and grades. 
You can select the one best material to fit your design elec- 
chemically. For example: 


trically mechanically 


If you are looking for a new printed circuit material with 
self-extinguishing properties against fire, National offers 
XXXP-475. Ic is made without costlier resins—can be 
punched at warm temperatures (130° F.—150° F.). 


Vulcanized Fibre, extruded thermoplastics and PHENOLITE® 
laminated plastics offer a wide range of property combina- 


tions, such as high electrical-mechanical values plus excel- 
lent water absorption and dimensional stability character- 
istics. Or, electrical properties plus rigidity and heat 
resistance. Or, electrical properties plus chemical resistance 


and dimensional stability under load. 


You will also find three other important "'properties’’ at 
National: an understanding of your needs; a willingness 
to work with you; and a facility to fill your requirements 


fast and efficiently. 


You can obtain National materials in standard forms— 
sheet, tube, rod—in precision fabricated parts to your 
design, or special-molded polyester shapes. For objective 
assistance, contact your nearby National Sales Engineer 
today. Or write us direct, Dept. C-10, Wilmington, 


Delaware. 
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CHOOSE FROM THESE MATERIALS. . 


Vulcanized Fibre: 10 standard grades; 
many special grades, 

PHENouite® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat_ bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins. 

Peertess Electrical Insulation: coil, strip, 
corrugated. 


Extruded Nylon, "Delrin”, “Penton”: 
rod, strip, tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


PHenouite Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


Baltimore ... VAlley 3-0393 
Boston TWinbrook 4-3500 
Chicago ; AUstin 7-1935 
Cincinnati GArfield 1-0632 
Cleveland ERieview 1-0240 
DAvis 4-4386 

MAin 3-2077 

Detroit. . . UNiversity 3-3632 
Griffin, Ga ‘ 8-1308 
Indianapolis WAlnut 3-6381 
Los Angeles RAymond 3-0291 
Milwaukee. BRoadway 6-6995 
New Haven LOcust 2-3594 
Newark ..MItchell 2-6090 
COrtlandt 7-3895 

Philadelphia SHerwood 8-0760 
Pittsburgh . FAirfax 1-3939 
Rochester Hillside 5-0900 
St. Louis PArkview 5-9577 
St. Petersburg ; 5-5505 
San Francisco DAvenport 6-4667 
Seattle MElrose 2-7298 
Wilmington OLympia 5-6371 


IN CANADA: 

National Fibre Co. of Canada, Ltd. 

Toronto ... 5 tavels LEnnox 2-3303 
Montreal AVenue 8-7536 


a NATIONAL 


VULCANIZED FIBRE CO. 


WILMINGTON 99 DELAWARE 


In Conada 


WATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontarie 
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field for testing accelerometer-type 
components; table may be spatially 
oriented while boom is _ rotating. 
Opposite table is actuated  electro- 
pneumatically; components are tested 
on one axis and table is then rapidly 
rotated (in millisec) +90 deg to 
generate a_ high-acceleration ramp 
function. Boom rotation may _ be 
brought to full stop from 340 rpm in 
less than 1 see by hydraulic braking 
mechanism. Genisco, Inc., 2233 Federal 


Ave., Los Angeles 64, Calif. > 588 


IMPEDANCE BRIDGE 


Model 502-A bridge resistance range 
is 0 to 12 megohms in 8 ranges; 
0.1 milliohm per dial division on low- 
est range. Capacitance, 0 to 1200 yf 
in 7 ranges. Inductance, 0 to 1200 hy 


in 7 ranges. Dissipation factor, 0.001 
to 1.000 at 1 ke. Storage factor, 0.02 
to 1000 at 1 ke. Bridge has multi- 
frequency oscillator with 100 to 10,- 
000 cps range. Aluminum cabinet uses 
cover as stand, and handle for test lead 
and power cord storage. Rinco, Ine., 
7962 S. E. Powell Blvd., Portland 6, 
Ore. >589 


A-F/R-F OSCILLATOR 


Model GO-20F is an oscillator cover- 
ing the band of 10 cps to 5 me. It 
features 50-ohm-output impedance, 
Wien-bridge stabilized oscillator and 
continuous control of output voltage 
level. Frequency ranges: 10-100 eps, 
100-1000 cps, 1-10 ke. 10-100 ke, 100- 
1000 ke, and 1-5 me. Frequency sta- 
bility, 1 per cent after warm-up; 
amplitude stability, 2 per cent after 
warm-up; output voltage, 2 volts rms 
max; distortion, less than 2 per cent. 


(Continued on page 348) 


HERMETIC 
AND 
OPEN MOTOR 
APPLICATION 
ENGINEERS 


Exceptional opportunities with 
highly important responsibili- 
ties are immediately available 
for experienced motor applica- 
tion engineers. Frequent high- 
level contact with major cus- 
tomers affords an ideal balance of 
both administrative and design 
supervision responsibilities. 


We prefer energetic, person- 
able electrical engineers with 
a minimum of four years ex- 
perience in application or motor 
engineering of either hermetic 
or open fractional horsepower 
motors. 


Emerson Electric is a nation- 
ally known leader and pioneer 
in its field since 1890—a dy- 
namic, expanding organization 
with a past full of progress and 
a future full of promise. As a 
medium-size manufacturer, we 
offer you unlimited opportuni- 
ties. Salaries are excellent plus 
extra benefits. Our beautiful 
suburban location is convenient 
to all the advantages that make 
up good, enjoyable living. 


If you want a challenge rather 
than a chore, a career filled 
with opportunity instead of a 
job— you owe it to yourself 
and your family to investigate 
these openings at once! Send 
complete resume, including 
salary requirements and photo 
if possible, to Mr. R. L. Middle- 
ton, Employment Manager. 





a 
o 


ae 


Step attenuator, 50 db in 10 db steps: 
continuous variable fill-in control. 
Gerber Scientific Instrument Co., 89 
Spruce St., Hartford 1, Conn. >590 


| 
| SEMICONDUCTOR ALLOY KIT 


NO. 1140, one of Ale mn Oy} Alloy Kit Z-100 includes 24 different 
4 basic models ) semiconductor alloys in various usable 
eo forms such as disks, spheres and 

, ee | washers, in excess of 25,000 preforms. 


. : Pure elements and alloys include such 
| 


1 dlake 


sal 1Ael0aYMnC=1t-hVES 
and controls 


SEND FOR FREE 
CATALOG J- 8210 


Adams & Westlake 
Eikhart, Indiana 


as tin, lead, indium, aluminum, Kovar, 
aluminum-boron, —indium-zinc-gallium, 
tin-antimony, __lead-silver, —_lead-anti- 
Ciclo 359 en page 57 = mony, tin-lead, tin-silver, indium-gal- 
lium, tin-lead-antimony, indium-ger- 
manium. All alloys are packaged in 
argon for maximum shelf life. Accurate 
Specialties Co., Inc. 37-11 57th St., 
Woodside 66, N. Y. >591 


MODERN 
ELECTRONIC PORTABLE OSCILLOSCOPE 


ENGINEERING Transistorized battery-operated oscillo- 
scope will operate up to 3 hr on 10 


GIVES PRECISE size D flashlight cells; up to 6 hr on 
MOTOR SPEED rechargeable cells. Type 321 will also 


operate on 1] to 35 volts d-c, and on 


CONTROL |} 110 to 125 volts or 220 to 250 volts. 


50 to 800 cps. Weight, 12 lb without 


1/100 — 10 H. P. batteries. Vertical passband, d-c to 5 


Modern industrial electronic en- mec; rise time, 0.7 wsec:; deflection 
gineering has been coordinated factor, 10 millivolts/div. Sweep range, 
with electric motor design to 0.5 usec/div to 0.5 sec div in 19 cali- 
provide a versatile means for 

obtaining the full possible ad- 

vantage of speed control in DC 

motors while operated from the 

regular alternating current power 

line. Grid controlled “Thyratron” 

tubes are utilized for power con- 

trolled stepless variation to sup- 

ply motor armature power. 

Patented feedback, or “Servo” 

circuits provide constant torque 

capability over wide speed ranges 

of as high as 60 to 1 in some 

models and a minimum of 20 

to 1 in others. 


re ad DIV. of ELECTRO DEVICES, Inc 
4 Godwin Ave. Paterson. N. J 
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wWHo But REULAND 


WOULD 


OFFER AN 


HONOR SYSTEM 


MOTOR SERVICE POLICY? 


15-Year-Old Service Policy Takes the Word Of Any Local Electric Motor Service Shop of Your Choice 


Here is another indication of Reuland quality...and the 
extent to which our company stands behind its products. 
It is based on a trust in people, and a trust in Reuland 
workmanship. It has met the test of time, and captured 
the acclaim of Original Equipment Manufacturers... 
and their customers. 

Whether your company is an O.E.M., or a User, the 
Reuland Honor System Service Policy can be your pass- 
port to uninterrupted machine operation. If you are tired 


MODERN POWER FOR MODERN DAY PRODUCTS 


...allin lightweight aluminum frames! 


REULAND 


MOTORS <> 
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of delays while service responsibility is determined... 
if you would like to talk to a motor company that can 
look you straight in the eye and be measured, your 
experience with Reuland could be a revelation. 

A free copy is available on request. Explains the 
simple steps to take. Shows how Reuland’s unique 
philosophy of doing business permits it to offer the indus- 
try’s only Honor System Service Policy! All company 
officials should have a copy. We'll mail yours promptly. 


HONOR SYSTEM 


MOTOR service POLICY 


PANY 


zB 


J 
| REULANOD evecTRic co 
| Ppa yen ES ES 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION: Alhambra, California 
EASTERN DIVISION: Howell, Michigan 
Distributors in all Principal Cities 
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brated steps with 5-x magnifier in- 
creasing calibrated range to 0.1 usec 

div. Sweep range continously adjust- 
able from 0.1 usec/div to 1 sec/div. 
Triggering fully automatic, or preset 
with amplitude-level selection. Acceler- 
ating potential, 4 kv on 3-in. cathode- 
ray tube. Amplitude calibrator, 500 my 
peak-to-peak 20-ke square wave. Tek- 
tronix. Inc.. P.O. Box 831. Portland 
7, Ore. >592 


DIRECT-READING 
GAUSSMETER 


Model 100 meter, operating on Hall 
effect. measures direction and mag- 
nitude of flux density and is used in 
plotting flux paths, measuring flux 
leakage and performing other fune- 


Photograph shows coil-winding operation with Dennison Crepe Paper Tape 
at Ford Motor Company, Accessory Division, Ypsilanti, Michigan. 


Dennison Crepe Paper Tape 
helps cut insulating costs tions. Pushbutton on probe energizes 


the unit. Active area of gaussmeter 
indium-arsenside sensing element is 


for the Ford Motor Company i chaste ciscle of 00025. in, diam, 


Sensing element is 0.019 in. thick and 

5 it can do the same for you ! * 0.125 in. wide. Gauss readings given 

. - in three scales: 0 to 300, 0 to 3000 

and O to 30,000 gauss. Instrument will 

Use Dennison stretch-to-shape tape is made from high-density read d-c flux in presence of a-c field, 

Tape for better insulation with kraft with a dielectric rating of Power supply is 414-volt — battery. 

snugger fit and fewer grounds — at 1250-1500 volts. If you must var- CGaussmeter weight, 5 lb. F. W. Bell. 

amuch lower cost. Available in nish and bake, you'll gain an even Inc.. 1356 Norton Ave.. Columbus 8, 

a wide variety of stretches and higher dielectric rating. Ohio. >593 
SP 


idths, including popular 3” size. ; 
widths, aon Ey S 3. You get fewer grounds from 


W hat’s more Dennison Crepe voids. Dennison Crepe Paper Tape PANEL OSCILLOSCOPES 
Paper Tape offers you these other is creped to a variety of stretches. 
money-saving advantages: It is calendered to reduce overall Series of panel-mounting cathode-ray 
caliper and assure smooth auto- oscilloscopes features single-knob  se- 
matic feeding. It gives a closer, lector control, Control can provide 
tighter fit than less conformable synchronized portrayal of up to nine 
materials. A tensile strength of 54 signals. Miniature “Panelscopes” have 
lbs. on a 1” strip solves the prob- static adjustments for beam, focus, 
2. You may be able to eliminate lem of winding under tension on positioning and graph screen illumina- 
varnishing and baking becausethis standard equipment. tion mounted on cathode-ray tube es- 
cutcheon, Typical custom-built) model 


1. You get at least a 40% material 
saving over cotton to insulate 
field coils of fractional horsepower 
motors or low-voltage generators. 


Dennison Manufacturing Company 
*Try it at our expense! Simply mail cB al sank Weaistnahan Os 
the coupon and we'll send you Gentlemen: Please send free sample roll of Dennison 
Industrial Crepe Paper Tape 
55XHC dielectric tape — Regular — 50% stretch 
¥," width %" width 
55XHCW dielectric tape —Wax Oil impregnated —50% stretch 


S) ° %” width Yo" width 


enough Dennison Crepe Tape for 


comprehensive tests. 
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New Low-Cost BLUE RIDGE 


PLUG, & RECEPTACLE a 


heater plates 


positive 
lari 
NO.1055-15 enw 


15 circuit fast-simple 


; 4 unit shown assembly 
CUSTOM REQUIREMENTS \ eine 
AT STOCK UNIT COST! oo 


terminals 
Unique molding method permits sinh “Tops in safety, service 
rom 3 up to circuit combina- panel mounting ° ” 
tions made to your needs. Plug or and efficiency 
receptacle accepts male and female et Give your customers today’s best value in radiant 
terminals. Minaturized— crimped heat: RA-GRID, the tempered glass plate with perma- 
a 15 circuit unit is only to wires nently fused aluminum circuit. It’s 100% efficient— 
3/4” wide and 1-1/16” converts every bit of energy to usable heat. Safe, 
long rated: 64 amps strong, good-looking, too. And you'll find RaA-GrID 
dl ® 195/250 V ane easy to handle ... available in the widest range of 
sizes and types. Call your local jobber ... or our 
nearest district office. 


MOLEX PRODUCTS COMPANY 
, AMERICAN-SAINT GOBAIN 


9510 SOUTHVIEW AVENUE, BROOKFIELD, ILLINOIS CORPORATION 
inser $8081 AA Dept. EM7, 625 Madison Avenue, New York 22, N. Y 
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Called “FOPS” By Every User! 





STILL-MAN_ 
ELECTRIC TUBULAR Ay 
HEATING ELEMENTS a a sae 


ee ae 


STANDARD 
VOLTAGES 


(6, 12, 24, 115, 
230; AC and DC) 


SHIPPED 
SAME DAY 
ORDER IS 
RECEIVED 


*& TOP PERFORMERS 
* TOP QUALITY 
%* TOP WORKMANSHIP 
at LOW COST TO YOU! 


———_ 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 

Millions are now in use as standard equipment in 
America’s leading nationally advertised electrical 
appliances. 

Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 


KURMAN 
MINIATURE 
POWER RELAY 


FEATURES 


¢ Clear polystyrene dust-proof enclosure 
¢ Up to3 PDT, 10 amp. contacts 

¢ AC or DC coil, up to 15,000 ohms 

¢ Life—100,000 operations minimum 

¢ Dimensions 14%” sq. x 2,” high 

¢ Octal or 11 pin plug-in 


STOCKED BY LEADING DISTRIBUTORS 


KURMAN SALES AGENCIES 
FROM COAST TO COAST 
For Immediate Delivery at Factory Prices 


KURMAN ELECTRIC CO. 
Subsidiary of Crescent Petroleum Corp. 

Quality Relays Since 1928 

191 NEWEL ST. 

BROOKLYN 22, N. Y. 

Export:135 Liberty St,N.Y. 

Cable: TRILRUSH 


SEND FOR CATALOG 
SPeoececeececeeeeeece 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y 


eeeeeeeeooeoeooooooeoeooeoeoee ee eeeeeeeeee 
= 
Pa 
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Stromberg-Carlson 


“TELEPHONE QUALITY” 


SORE EES G 


... featuring new high-voltage 
types for test equipment or other 
high-voltage applications. 


THE insulation in the new relays 
withstands 1500 volts A.C.—3 times 
normal. These high-voltage models 
are available in Types A, B and E. 
They are the latest additions to the 
Stromberg-Carlson line of twin con- 
tact relays—all available for im- 
mediate delivery. 

The following regular types are 
representative of our complete line: 

Type A: general-purpose relay 
with up to 20 Form “A” spring com- 
binations. This relay is excellent for 
switching operations. 

Type B: a gang-type relay with up 
to 60 Form “A” spring combinations. 

Type BB: relay accommodates up 
to 100 Form “A” springs. 

Type C: two relays on the same 
frame. A “must” where space is at a 
premium. 

Type E: has the same character- 
istics as the Type A relay, plus uni- 
versal mounting arrangement. Inter- 
changeable with many other makes. 

Complete details and _ specifica- 
tions are contained in our new relay 
catalog, available on request. Write 
Stromberg-Carlson Telecommunica- 
tion Industrial Sales. 


STROMBERG -CARLSON 
- GENERAL DYNAMICS 


117 CARLSON RD. « ROCHESTER 3,N.Y. 
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illustrated. Waterman Products Com- 
pany, Inc., 2445 Emerald St., Philadel- 
phia 25, Pa. > 594 


ELECTRONIC 
GALVANOMETER 


All-transistor galvanometer can func- 
tion as d-c null detector, linear de- 
flection microvolt-ammeter 


| ea ™ , ‘ , | 
ie = > 3 


or inverting d-c amplifier. Model 204A 
is capable of current measurements of 
2 x 101! amp per division. With 
chopper-stabilized amplifier, meter op- 
erates in any position and returns to 
zero with no offset even after severe 


indicator, 


overloading. Measures voltages from 1 
microvolt to 10 volts or currents from 
100 ~uamp to 1 ma. Input impedance 
is 10 k. Kin Tel Div. of Cohu Elec- 
tronics, Inc., 5725 Kearny Villa Rd.. 
San Diego 12. Calif. >595 


DUAL-RANGE TRANSISTOR 
POWER SUPPLY 
Supply for transistors offers  contin- 


uously-variable outputs of 0 to 60 volts 
d-c at 1 amp, 0 to 30 volts d-c at 2 


2 li ay oe 
ee PP Ree 


amp. or 0 to 115 volts a-c at 1.2 amp. 


Multi-output power supply DV-III 
provides isolated d-c outputs and 0.10 
per cent ripple at max output. Recti- 
fier is diffused-junction silicon type. 
Continuously variable autotrans- 
former, two-range voltmeter and two- 
range ammeter accurate to 2 per cent, 
magnetic circuit breaker and range- 
indicating pilot lights. Model Rectifier 
Corp.. 1675 Utica Ave.. Brooklyn 34. 
mt >596 


ANALOG FREQUENCY METER 


Model T-4 permits immediate and con- 
tinuous observation of a_ periodically 
varying waveform in 3 ranges: 0-1000 
cps, 0-10 ke, 0-100 ke. By setting dial, 
any 10 per cent of each range is dis- 
played to full scale reading. Accuracy. 
+0.25 per cent; readability. +0.1 
per cent; stability, +-0.25 per cent with 
+0.005 per cent internal calibration 
standard based on 100-ke crystal. 


(Continued on ;1:2e 354) 


Cut down on metal fabricating costs 
by cutting out expensive machining 
and finishing operations. Leach & 
Garner ROLL FORMED SHAPES elim- 
inate operations by affording dimen- 
sionally exact (+ .001”’), temper con- 
trolled, irregular or unusual cross 
sectionally shaped metal stock. An 
infinite variety of shapes is possible 
in most metals. 

Tooling, when required, is produced 
by our highly skilled Tool Depart- 
ment at reasonable cost. 

Our experienced engineering staff 
will evaluate your parts and present 
manufacturing operations for adap- 
tation to the use of ROLL FORMED 
SHAPES. Your inquiries will receive 
our prompt attention. 


INDUSTRIAL DIVISION 
ATTLEBORO, MASS. 


EWR 


FOUNDED 
1898 


riety 


SALES OFFICES 
NEW YORK @ CHICAGO @ LOS ANGELES 
CLEVELAND @® DAYTON @ DETROIT 


For prompt quotations write to: 
Leach & Garner 
50 Pearl Street 
Attleboro, Massachusetts 
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Count on 


and collect 


the savings you plan with power driving tools 


Fastener faults can quickly foul up the best plans and 
the finest equipment for high-speed assembly. Defec- 
tive screws that might “get by” for hand driving can 
be disastrous to assembly with hopper-feed machines 
and other power driving equipment. 

To get all the savings you properly expect from your 
tooling investment, count on Continental HOLTITE 
quality standards. Tolerances are matched to the 
toughest demands for uniformity in every detail. 


CONTINENTAL 


SCREW COMPANY, NEW BEDFORD, MASS. 


HOLTITE FASTENERS 


@eeeeeeoeeveeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


HY-PRO TOOL COMPANY ... DIVISION 
RESEARCH ENG. & MFG., INC. SUBSIDIARY 


Special tests and trial runs under job conditions are 
made, as required, to assure trouble-free performance 
on the assembly line. 

You can count on Continental, also, for cost-sav- 
ing ideas in fastener selection. At your request, a 
Continental Assembly Specialist will make detailed 
recommendations. 

Write or phone: Continental Screw Co., 455 Mt. 
Pleasant St., New Bedford, Mass. 


HOLTITE PHILLIPS 
AND SLOTTED HEAD 


WOOD + MACHINE * TAPPING 
THREAD CUTTING SCREWS 
HANGER AND STOVE BOLTS 
SEMS * NYLOK 


HY-PRO PHILLIPS 
INSERT BITS AND HOLDERS 


th 


wile 8 i 


m 
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MOST RELIABLE even through fast-cycling, 


continuous 24-hour schedules. 


all steel, mercury 


Tilt Switches Timer and Quick Relays 


Contacts are sealed in hypressure hydrogen Service and shelf life increased many times Pulse-forming circuitry entirely of satu- 

gas (50 psi). Operate under heavy or light former models. Free floating plunger design eS - 5 i pie 

loads, including inductive and tungsten. 7 sizes, practically “fail safe.” Available in any combina- rable magnetic type. Suppression ob- 

1 to 65 ampere tion of operate-release time delays from 0.15 sec. tained by precision divider fed from 
to 20 sec.—normally open or closed actions 7 . 

regulated d-c source. Power require- 


Coil ; a 
Enorgiend Scieentead ments are 120 watts, 117 volts, 60 cps. 


Jones-Porter Instrument Co., Inc.. Box 
ited Sows 302, Millburn, N. J. ->597 


VECTOR IMPEDANCE 
LOCUS PLOTTER 


OFF . Portable instrument measures continu- 
ously, and plots automatically and 
simultaneously, the rectangular com- 


DC or AC 


All steel (non-breakable) tilt switches and mercury timer and quick relays are built to last the 
life of your equipment. Destructive heat rise and life shortening erosion from arcing have 
een eliminated 

For more information write 

4747 Bronx Bivd . New York 70 

1969 Avenue Rd. Toronto 12 

301 Fifth Ave. So, Minneapolis 15 

P.O. Box 1352, Postal Station 0, Montreal 
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See us at DIE : : 
the Metals Show ZINC ALLOY ponents, resistance and reactance of 


REDUCE COSTS ‘ i : 
BOOTH +1019 0 Ves the equivalent series complex imped- 
CL] SIMPLIFY ASSEMBLY ance of any passive electrical element. 


L) IMPROVE APPEARANCE with oe Chesapeake Instrument Corp., Shady- 


DIE CAST ZINC ALLOY side, Md. 598 
& MOLDED NYLON Th md 
wuts "y” © BENCH-MODEL OVEN 
Oven offers temperatures ranging 
from 125 to 1000 F. Electric resistance 
heaters located in all six walls and 
are thermally weighted to produce 
maximum temperature uniformity. 


Work space. 4 cu ft; bench space, 
now... © Uniformly accurate * Wide range of CAS ws 34 x 33 in. Front panel-mounted tem- 
e High in quality stock styles, types, 


NYLO N N UTS "capt cian side perature controls, pilot light, fuses and 


wdded to GRC's line switch. Operating on 230 volts at 


extensive line of 


NYLON SCREWS 


Thumb & 
Wing Screws 


MOLDED 
NYLON 


Screws 


Write, wire, phone RIGHT es 
NOW for prices, your copy of Hex Nuts 
GRC’s NEW FASTENER BULLETIN Ee } 


oe Washers 
World's Foremost _ er yh D) 


Producer of . een e C 
/ Small Die Castings : % e ei \ \ 
GRIES REPRODUCER CORP. De SN 
149 Beechwood Ave., New Rochelle, N. Y., NEw Rochelle 3-8600 : 
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Use the right material 
every step of the way 


Vad: 


Prepared Tracing Paper 


HELIOS 


Dry Diazo Papers, Cloths and Films 


STABILENE® 
Dimensionally Stable Drafting, Scribing 
and Reproduction Film 


- MICRO-MASTER'™ 


105 mm Miniaturization Process 


HERCULENE'™ 
Drafting Film 


DUPRO® : - : = BLUEPRINT PAPERS 
Wash-off Process Cloths : = é AND CLOTHS 


MADURO * <> ONYX™™ 


Brownprint Paper >. ~_ S Moist Diazo Papers and Cloths 
and Cloths ; << 


PROFILE AND CROSS SECTION PAPERS 
AND CLOTHS, GRAPH SHEETS 


PHOENIX 


Moisture Resistant Tracing Cloth 


PHOTACT' 
Photographic Papers, Cloths and Film: 


Papers, Cloths or Films — Today’s rigid 
engineering standards demand materials 

exactly tailored to fit the job. “Just-about-the- 
same” products won’t do. 

That’s why K&E produces an unrivalled range of 
original and reproduction materials, in a great 
variety of sizes, shapes, surface characteristics 
and working properties to choose from. 
Whatever your need, K&E can give you the right 
material to do the job. Write for details and 
samples (please specify the particular products 


PPR ss which interest you) to Keuffel & Esser Co., 
pty ~ Hoboken, New Jersey. 


The COMPLETE Line 


for originals and reproductions 


KEUFFEL & ESSER CoO. 


NEW YORK + HOBOKEN, N. J. * DETROIT * CHICAGO + MILWAUKEE « ST. LOUIS * DALLAS + DENVER * SAN FRANCISCO «+ LOS ANGELES + SEATTLE * MONTREAL 
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POU 
looking for 

HMI ERAT! 
in matched é 
sets and 
AML ‘ 


The special-purpose Kelvin ratio bridge shown above was built especially 
for Ultronix by ESI. 


It can calibrate precision wire-wound resistors in Ultronix matched sets 
and networks to an accuracy of | part per million. 


Ultronix operates this bridge in a separate temperature-controlled area 
for precision manufacture. There you will find the most accurate instal- 
lation of measuring equipment outside the U.S. Bureau of Standards. 


This is one reason why Ultronix can offer networks and sets with ratios 
matched as closely as 0.001 per cent and absolute values within 0.01 per 
cent. It’s virtually impossible to measure closer in production quantities. 
With this passion for precision, Ultronix combines imaginative engineer- 
ing, advanced manufacturing techniques and strict quality control pro- 
cedures. 


This is why Ultronix has become — in less than 3 years — the preferred 
source for precision wire-wound components. In some cases, the sole 
source. 


At Ultronix, precision is our most important product. 


For catalog data, please address Dept. M-10 


i U LITRONIxX 111 EAST 20th AVENUE 


SAN MATEO, CALIFORNIA 
PHONE FIRESIDE 5-7921 
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11 amp max, oven will heat from room 
temperature to 1000 F in 3% hr. 
Oven contains two removable wire 
shelves, adjustable in height. American 
Instrument Co., Inc., 8030 Georgia 
Ave., Silver Spring, Md. >599 


TORQUEMETER 


Meter provides linear deflection to any 
full scale torque desired within the 
range 50-100 per cent of the sensor 
maximum torque. Sensor detects dy- 


namic torque transmitted by shafts 
rotating at speeds to 24,000 rpm with- 
out brush contact with rotating ele- 
ment. Torque is continuously displayed 
at indicator with accuracy within 2 
per cent of selected full scale reading. 
Interchangeable sensors have maxi- 
mum torque ratings ranging from 10 
to 400 lb-in. and are provided with 
means of mounting to base and for 
overhung mountings from ends. Roti- 
form Co., 1509 Colorado Ave., Santa 
Monica, Calif. >600 


ZERO LOAD 
MILLIVOLT/AMMETER 


Model 1477 is designed for measure- 
ment and amplification of d-c currents 
and voltages from 10 to 1000 microamp 
and 1 to 1000 millivolts. Long-time 
drift less than 2 microvolts after brief 
warm-up time. Accuracy, 2 per cent on 
lowest current and potential range. | 
per cent on all others; resolution 
capability, within 2 microvolts or 0.02 
microamp; gain stability and output 
linearity, within 0.1 per cent at ranges 
above 1 mv or 200 microamp. No tube 
selection necessary when replacements 
are needed. Neither input nor output 
need be grounded, but either side or 
some intermediate point can _ be 
grounded. Daystrom-Weston Sales Div., 


ELECTRICAL MANUFACTURING 





Shown above are some of the many 
Rogan knobs available from 


stock molds. Fast delivery. FROM STOCK MOLDS 


Special shaft holes at nominal cost. Oli 
Send for details and catalog. CUSTOM MOLDED 


ROGAN eae 
BROTHER YOUR OWN DESIGN 


8027 N. Monticello * Skokie, Illinois 


AMERICA’S FOREMOST MOLDERS AND BRANDERS OF PLASTIC KNOBS 
Circle 354 on page 17 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


33 VERONA AVE., NEWARK, N. J. 
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DYKEM 
STEEL BLUE . 


making Dies and |.‘ Bakelite cap holding 


a plying right at benc 
‘ layout in a few minutes. 
The dark blue background 

= makes the r 
4 show up in sharp relief, 


prevents metal glare. In- & 


creases efficiency and 
accuracy 


Write for sample 
on company letterhead 
THE DYKEM COMPANY 


2303F North 11th St. « St. Louis 6, Mo. & 
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8-oz. can fitted with & 


Stops vv) we Popular package is = 
>, soft-hair brush for = = 


metal surface ready for & 


ata 
BONDED TO METAL 


Take full advantage of the best properties 
of rubber and metal by using Goshen’s 
exclusive GORBOND process. It gives per- 
manent, dependable adhesion of rubber to 
most anything. Parts fabricated by Goshen 
from natural, synthetic and silicone rubber 
compounds are successfully bonded to 
metals, plastics and other materials. Facili- 
ties are unique and modern .. . for 
handling large or small quantities. 


On your very next bonding problem, 
call a specialist from Goshen. 


2810-9 S. TENTH ST. GOSHEN, INDIANA 
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No other terminal block — 
Taille lol elm ole lm od [ta 
gives you all the 
Ree of 


SET 
MD pres-SURE-blocks 


NO WASTE CIRCUITS—Reduce material costs and save 
space. Make up exact length blocks required from 20 pre- 
assembled snap-fit contact sections. Merely pull off or add 
groups of sections as needed, — snap on end section to 
complete block. No unused contacts. 


SMALLER INVENTORY — Only 2 different parts make 
any length block. Have complete production flexibility 
without stocking all required lengths. Avoid running out 
of any needed items. 


MORE CIRCUITS IN AVAILABLE SPACE — Increase 
capacity of individual contacts and decrease jumpering by 
grouping two or more Common wires in tubular contacts 
(any combination equal to | #22 thru 1 #8). 20 circuits 
only 914” long, — contacts on 7/16” centers. Also save 
space lost mounting 2 or more blocks in line. 


NO TERMINALS OR LUGS — Eliminate material and 
labor costs of lugging by using tubular-screw or tubular- 
clamp contacts which provide secure and highly efficient 


direct-to-wire Connections. 


NO HIDDEN CIRCUIT MARKINGS — Minimize circuit 
identification errors with marking areas on top of blocks, 
completely unobscured. Choice of integral painted, slip-in 


vinvlor pressure sensitive strips. 


QUICKER TO INSTALL, EASIER TO CHANGE — Hand 
assembled. No fixtures or miscellaneous hardware re- 
quired, Use mounting screws only every 12 contacts, — 
screws need not be removed to add circuits. Easy to re- 
place or add “inside” contact sections, 


LOW INSTALLED COST — Countless users have proven 

that installed costs compare favorably with conventional 

sectional or one piece blocks, — regardless of price. 
Separate Sections or Factory-Assembied Blocks 


Flat Base or Channel Mounting ¢ Tubular or Strap-Screw Contacts 
Fanning Strips e Conservative 750-volt A.1.E.E. rating 


4») ap 
wy @ BUCHANAN 


Tubular contacts fully ap- ELECTRICAL PRODUCTS CORPORATION 


proved by U.L. Blocks fully HILLSIDE, N 
, NEW JERSEY 
approved for 600 V by C.S.A. 


In Canada 
GASACCUMULATOR COMPANY (CANADA) LTI Write for 


12 GOWER ST., TORONTO 16, ONT ; 
anait Bulletin 


PHILIPS EXPORT CC M-10 
0 E. 42nd ST.. NEW YORK, N 
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Davstrom, Inc.. 614 Frelinghuysen 


Ave., Newark 12, N. J. >601 


POWER OSCILLATOR 


Instrument supplies 320 va of power 
at a fixed frequency of 400 cps +0.25 
per cent. Other frequencies available. 
Model 150-2 output voltage is con- 
tinuously variable from 0 to 120 volts 


for each phase. Power oscillator fea- 
tures include less than 1] per cent 
distortion and better than | per cent 
regulation from no load to full load. 
With silicon diodes in plate-supply 
circuits. Standard rack cabinet 20-in. 
high. Three-phase units also available. 
Industrial Test Equipment Co., 55 E. 


11 St., New York, N. Y. > 602 


PEAK-READING 


DIGITAL VOLTMETER 

Voltmeter Model PDV-823 measures 
and displays peak amplitude of single- 
event, positive-going pulse in an in-line 
in-plane digital display. Both decimal 


and binary-coded decimal electrical 
outputs are provided. Duration of 
pulses can vary from 0.1 to 2.0 millisec. 
Unit consists of pulse detector fol- 
lowed by digital voltmeter. Solid state 
plug-in circuitry employed throughout. 
Epsco, Inc., 275 Massachusetts Ave.. 
Cambridge, Mass. > 603 


NOISE GENERATOR 


Intended for use in simulation and 
study of problems involving random 
processes, Model NGI1000A_ provides 


ELECTRICAL MANUFACTURING 
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SELSYNS and SYNCHROS 


High-accuracy types for precise remote 
control applications 


General Electric offers a wide variety of Selsyns and Syn- 
chros to meet industry and Navy BuOrd specifications: 


e THREE FRAME SIZES—BuOrd Sizes 1 and 5 and a 
smaller G-E 15. 
HIGH ACCURACY—Ranging from + 1.5 degrees down 
to +0.3 degrees, depending on model selected. 
SPEEDS— Models for operating up to 300, 1000, and 
1200 rpm. 
FREQUENCY— Both 60 and 400 cycle represented. 
VOLTAGES—115 Volt Primary and others available. 
FOR USE in torque transmission and voltage control 
systems. 


FREE BULLETIN! For more information, write 
for publication GEA-6675, to Section 634 
24, General Electri Co., Schenectady, N.Y 


ad Cons ea 
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- Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Island 
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FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 

Insulation Grip— 

Small or Large 

- Screw Hole. For 
Standard, Extra 

EASY TO APPLY « NO TOOLS REQUIRED Flexible Strand- 
a rer Wire 


Msecnnieil KRUEGER & HUDEPOHL, INC. 


Ka LU Sai dame ee 
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~ Now! End Cord and 
Cable Failures here | 


STRAIN 
RELIEFS 


© Permanently anchor 
exterior conductors 
© Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 

anchor cords and cables at point of 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 


FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


=, Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 


holding the cable in a vise-like grip. 
| 
§,é 
j ed rubber tubes available 
in 5 wire sizes to .790. 
CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 


GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 
cord ends. Specially treat- 


ad 
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REVCOR 


we can keep 
you informed 
of the latest 


developments 


"AIR 


IMPELLERS 


BLOWER WHEELS 


Single and double In- 
let. Diameters from 
3-27/32"' to 15°’. 
Widths 1’ to 15”. 
Housings and Inlet 
Rings also available. 


FAN BLADES 


8 types for ail 
applications. Di- 
ameters from 6” 
through 48”. 


AVAILABLE 


dae teal eet iael 
ing the complete 


Revcor line 


REVCOR xc. 


257 EDWARDS STREET 
CARPENTERSVILLE, ILL 
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source of random noise with an ampli- 
tude distribution that is gaussian and 
a frequency spectrum that is variable 
over wide range, compatible with com- 
puter time-scale. Function generator 
may be used to shape output of noise 
generator to achieve non-gaussian dis- 
tribution. Model NGIOO0A and _as- 
sociated probability-distribution —ana- 
lyzer are companion equipment to 
GPS compressed-time-scale analog 
computer. Generator contains  elec- 
tronic metering circuit for direct read- 
ing of rms and mean value of either 
generated noise or noise on any varia- 
ble in system being simulated. GPS 
Instrument Co., Inc., 180 Needham S*. 
Newton, Mass. > 604 


METER SCALE MARKER 


Method of scaling and. calibrating 
meter dials from commercially avail- 


able dial blanks utilizes Model SM-1 


scale marking machine. Hand-operated 
machine (with aid of conventional 
drafting tools and a lettering set) can 
scale dial blanks for 2- to 7-in. meters. 
Arthur C. Ruge Associates, Inc., Hud- 
son, N. H. > 605 


RMS R-F VOLTAGE 
CALIBRATOR 


True rms-responding, direct-reading 
calibrator is used for checking vacuum 
tube voltmeters, signal generators and 
other laboratory equipment at frequen- 


cies from d-c to 10 me. Model RFVC 


FIREROD 


CARTRIDGE 
HEATER 
BY 


WATLO 


HOTTEST! 


5 times more heat 
than any standard 
cartridge heating 


unit. 


LONGEST 
LIFE! 


5 to 10 times the 
operating life of 
ordinary units. 


GREATEST 
DESIGN 
FLEXIBILITY! 


1/5 the size for the 
same heat of stand- 


ard cartridges. 


WRITE for 
illustrated literature. 


WATLOW 


ELECTRIC MFG. CO. 
(1362 Ferguson Avenue 
St. Louis 14, Missouri 
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SESSA 


OF MICROSTRUCTURE 


to your restricted specifications with 


J&L Cold Rolled Strip Steels 


The microstructure of strip steels can have an important bearing 
on the fabrication and mechanical properties of many critical 
components. All of the phases which combine to form the struc- 
ture of a metal have their own specific properties. 


J&L offers you an experienced organization devoted to strip 
steel processing combined with fully integrated facilities which 
permit precise control of microstructures. 


Basic oxygen furnaces, high standard open hearth practice and 
electric furnaces provide optimum melting conditions; new hot 
strip mills are designed specifically to produce the finishing tem- 
peratures needed for inherent quality. Cold mills, annealing and 
normalizing furnaces and other equipment are designed and 
constructed solely for precision strip steel processing. 


These integrated production facilities make it possible to assure 
the development of the microstructure required for critical 
applications. 


WMMNIMINMNY 
MAMMA 


y’ 


\ 
WK For your convenience, precision strip facilities 
are available to you in our plants at Youngstown, 
Indianapolis, Los Angeles and Kenilworth (N. J.) 
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The small unit rotary annealing method assures precision 
temperature control and develops optimum hardness and 
microstructure for strip steels. 


STRIP 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
TEMPERED SPRING STEEL * ZINC AND COPPER COATED 
Circle 365 on page 17 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 





CAPTIVE TYPE 


CARBON BRUSH 
HOLDERS 


SUPPLEMENTING OUR REGULAR LINE 
for low-budget applications 
. 


WITH OR WITHOUT INSERTS 
o 


VARIOUS 
PLASTICS 


YOUR PRINTS 
FOR QUOTATION 


for Electrical Applications 


123 Rotary Drive 
GURNEE, ILLINOIS 
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provides output ranges of 0.01, 0.1, 1 
and 3 volts full scale. Accuracy, 0.3 
per cent of full scale. Input required, 
signal generator. Sensitive Research 
Instrument Corp.. 310 Main St., New 
Rochelle. N. Y. > 606 


OPERATIONS RECORDER 


Recorder operates upon a change in 
incoming signal in either analog or 
digital channels. Used for monitoring 
digitized or sequential data or special 


forms of analog-type data. Electro- 
sensitive record produced by self-con- 
tained transistorized sensing circuits 
powered from internal nickel-cadmium 
battery. Six off-on channels and one 
analog (digitized) channel. Record 
loading is through front panel. Fre- 
quency response is 0-600 cps _ for 
analog channel and 0-200 cps for off- 
on channels. Hamilton Watch Co., 
Hathaway Instrument Div.. 5800 E. 
Jewell Ave.. Denver 22. Colo. —>607 


MICRO-MICROAMMETER 


Battery-powered electronic ammeter 
measures current from 1] micro-micro- 
amp through 300 ma full scale in 24 
ranges. Accuracy, 1.0 per cent from 


1 milli-microamp through 300 ma and 


+2 per cent from 1 through 300-micro- 
microamp. Features of Model 120 in 
clude transistorized meter circuit. low 
drift electrometer-tube input, feedback 
with high loop gain for circuit  sta- 
bility and 1500-hr battery life. Instru- 
ment common may be operated up to 
500 volts off ground. Operating weight 
with batteries. 17 lb. Belleville-Hexem 
Corp.. 638 University Ave.. Los Gatos. 
Calif. > 608 


DIGITAL OHMMETER 


Instrument will measure resistance to 
+] milliohm over full 
range of 1 to 9999 milliohms. Sen- 
sitivities of 100 microhms available at 


an accuracy ol 


Applications include 
measuring resistance of fuses. conduc- 


less accuracy. 


tors and transformer windings. Scan- 


Aa 
sub-miniature 
Capacitor meets 
MIL-C-92 (Proposed) 


ipa 


i; mm = 3 


ei 


High torque-to-mass ratio— 
excellent mechanical stability! 


Designed for high torque-to-mass ratio 
and excellent mechanical stability, the 
tiny “T’’ capacitor shown above has a‘*Q’ 
greater than 3000 at 1 mc. and a very 
low temperature coefficient. Rotor and 
stator plates permanently soldered .. . 
rotor contact spring is beryllium copper 

. plates are .0003” silver-plated brass 
...ceramic is Grade L-4 or better stea- 
tite, DC-200 treated. Terminals provided 
for printed circuit board applications. 
Requires only two small machine screws 
for chassis or panel mounting. Available 
for use On government contracts in pro- 
duction quantities with approval of the 
U.S. Army Signal Corps only. 


SCALE wOR vER 

xo'T— 

For specifications oe | 
and further infor- | 


mation onthe’“T™ 4 , x TH 
capacitor describ- To 
ed above, write for qx __ 

Data Sheet 758. Lsecad 4 


| 
“ 


ACTUAL SIZE 


OTHER CAPACITORS—In addition to the 
sub-miniature “‘T’’ capacitor described 
above, E. F. Johnson also manufacturers 
a complete line of other air variable ca- 
pacitors. Types include: ceramic soldered 
Type “L’s’’, Type **M”’ miniatures, Type 
“K” to JAN-C-92, and many other types. 
For complete specifications on all John- 
son electronic components, write for your 
copy of our newest components catalog, 
described below. 


Mew, 


Write today for our newest com- 

ponents catalog, listing complete 

specifications and prices! 

* Capacitors « Knobs and Dials 
* Sockets « Inductors « Pilot 

Lights « Connectors « Insulators 


E.F. JOHNSON CO. 


2320 Second Ave.S.W. © Waseca, Minn, 
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NORE 


OF EVERYTHING 
YOU WANT IN A 


VvV-O-M 


New Mirrored Scale Plate 

Wider Frequency Response AC Ranges 
New DC Polarity Reversing Switch 

59 Extended AC and DC Ranges 


PRICISION 


Pie 


«--and at 


NO INCREASE 
IN PRICE 


THE NEW 


PRECISION 


MODEL 120 


20,000 ohms/volt DC * 5,000 ohms/volt AC 


plus: 


all the famous features of 
the original PRECISION 120. 


An Extra-Low Resistance Range: 
2 ohms at center scale. 


An Extra-Low Voltage Range: 

1.2 volts full scale, AC and DC. 
An Extra-High Voitage Range: 
6,000 voits full scale, AC and DC. 


An Extra-Large 514” Meter 
with wide-angle, easy-reading scales. 


Model 120: Complete with batteries, test leads 
and tech manual. Overall case dimensions: 
54%” x7” x 3%”... Net Price $44.95 


Model 120M: For special applications which 
require a V-O-M approaching laboratory 
accuracy Net Price $52.95 


P Available and on display at leading electronic parts 
distributors. Write for complete PRECISION catalog. 


) PRECISTON 


Apparatus Company, inc. 
70-31 84 St., Glendale 27, L. |., N. Y. 


a Export: 458 Broadway, New York 13 
mere os ww Canada: Atlas Radio Corp., Toronto 19 
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tel Tough Nylon 


and print-out modules can be 
added. Electro Instruments, Inc., 3540 


Aero Court, San Diego 11, Calif. —>609 | 


i o 
ning 


SERVO ELECTRICAL-ZERO 
INDICATOR 


Electrical 


Se 
pa als 


BUSHINGS 


for standard 
and special 
wires & cables 


of synchros and re- 
solvers may be determined in one op- 


eration by use of indicator which con- 


zero 


forms to MIL-S-20708A. Model ZM2 | 
indicator illustrated. Power required, | 
115 volts, 60 cps; excitation voltage, 
7 to 115 frequency, 
30 cps to 5 ke. Theta Instrument Corp., 
520 Victor St., Saddle Brook. 
Jersey. 


volts: excitation 


New 


>610 


STEPPING POWER SUPPLY 
Unit 115 
matically stepped in plus and minus 
steps. Time cycle adjustable from 1 
to 60 min. Step voltage adjustable to 


Standard 
Insulating and 


ELECTRICAL 
CORDS & CABLES 


FREE TEST SAMPLES will be sent on the 


receipt of the sizes of the wires you are using. 


supplies volts a-c  auto- 


20 per cent of line voltage. Metered 
output. Power supply used 
voltage variation testing. 
500-, 1500- and 2500-watt 
search Industrial 
Roslyn, 


line 
Available in 

Re- 
Elec: 
>611 


for 


models, 
Laboratory of 


tronics, Pa. 


Posteard return cards are provided on 

page 17 as a convenience to the reader 

in obtaining further information on 
New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 


MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 


Circle 369 on page 17 





wee em om em ww ww ww ee eee 


| 
| 
| 


COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Batteries—236 

Brakes—85, 231, 290e, 298 

Capacitors—240e, 245e, 266e, 276e, 292e, 
308e, 362 


Choppers—39 
Clutches—85, 231, 


Contact devices 
Brushes and brush holders—76, 84, 199, 
362 


’ 


Contacts and contact points—41, 290, 301 


Control systems—30, 130e, 172e, 209, 25le, 
252e, 254e, 259, 303, 348, 367 


Cooling equipment—257e 
Counters—246e, 260e 


284, 303 


Electron tubes 
Glow lamps—337e 
Receiving—tinside front cover, 318e 
Special—238e 


Fans and blowers—211, 293, 360 
Filters—16, 332 

Fittings, Conduit—255 

Heating elements—323e, 351, 360 
Lights, indicator—286, 286e, 308e 


Magnetic components 
Bobbins and core boxes—258e, 318 
Coils and windings—246e, 261, 300e, 341, 


359 
Cores—119e, 134e, 314e, 323, 332 
Permanent magnets—204, 243, 306e 
Shielding—127e, 298e 


Magnetic amplifiers—276e, 316e, 326e, 332 
Meters, panel—79, 248e, 270e 


Microwave devices—238e, 242e, 250e, 257e, 
298e, 302e 


Potentiometers—31, 
316e 


Printed circuits—24, 164e, 188e, 190e, 254e 


240e, 254e, 268e, 299, 


Protective devices 
Fuses—239 
Thermal—108, 245, 272e 


Relays 
General purpose—21, 54, 75, 
216, 256, 28le, 283, 283e, 
348, 35 
Industrial—43, 256 
Mercury—83, 268e, 272e, 306 
Rotary—240e 
Telephone—21, 77, 340e, 
Time delay—75, 207, 276, ite, 345, 354 


Resistors—4, 90, 257e, 28le, 292e, 327, 356 


364 


----- Electrical Manufacturing 


PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement; letter “e'' with page number indicates editorial mention. 
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Semiconductor devices 
Controlled rectifier—53, 188e 
Photocells—257e, 303 


Rectifiers and diodes—15, 192e, 205, 235, 
, 244, 248e, 254e, 267, 274, 274e, 


303, 316 
Transistors—238e, 240e, 254e, 324e 


Servo components—95, 130e, 
264, 28le, 323e, 324e, 359 


Solenoids—291, 330e 
Switches 


Controllers and contactors—43, 70, 240e, 
247, 250, 251, 25le, 258e, 274e, 290, 


302, 302e, 306, 322, 334 
Limit—62, 70, 233, 240e, 254e 
Mercury—254e, 354 
Pressure—70, 260e 
Pushbutton—32, 46, 70, 100, 282e 
Rotary—286e, 288e, 309, 315 
Snap action—200, 282e 
Stepping—308e 
Thermal—Back cover, 30, 32 
Toggle—100, 340e 


Timers—70, 284e, 341, 345 


Transducers 
Linear displacement—296e 
Special—240e, 264e, 270e 
Thermostats—25le, 252 


Transformers 
Electronic—1 \6e, 
332, 342e 
Industrial—224, 318, 324 


Valves, solenoid—25, 242e, 25le, 284e 
Voltage references—288e 


Wire and cable—210, 215, 221, 289 
Clad—9%6 
Coaxial—257e 
Hookup—289 


Magnet—29, 36, 68, 88, 105, 218, 242e, 


279, 289, 312, 344 
Power—289 
Resistance—221 
Wiring devices 
Cable clamps and clips—252e 


Connectors—227, 288e, 290e, 317, 326¢e, 


334e, 341, 351 
Cord sets—289, 297 
Grommets—332e, 359 
Standotts—274e, 276e 
Terminals—240e, 266e, 357, 359 
Terminal blocks—245e, 246e, 
358 


COMPONENTS, 
MECHANICAL/STRUCTURAL 
Bearings—42, 73, 272, 335 
Bushings—359, 363 

Conduits—255, 340 

Counters—47, 296e 

Couplings, shaft—270 


240e, 248¢e, 


224, 246e, 25le, 314, 


290, 312, 


eh re 


Fasteners 
Bolts and nuts—240e, 292, 354 
Pins—343 
Quick operating—8, 240e, 249, 292, 333, 
353 


Rivets—330e 

Screws—80, 102, 238e, 354 
Gears—325 
Hinges—198 
Housings and enclosures—240e, 


330 
Knobs, handles—246e, 283e, 288, 320, 357 


Latches—198, 288, 320 
Nameplates—177e, 245e, 297 
Plastics parts—252e, 346 
Pulleys—306e 

Rings, retainer—305 


274, 288, 


Seals and gaskets—246e 
Shock mounts—250e, 320e 
Springs—281 


COMPUTERS AND 
COMPUTING COMPONENTS 


155e, 197, 207, 240e, 245e, 246e, 250e, 286c, 
298e, 302e, 304e 


DRAFTING MATERIALS 
AND EQUIPMENT 


Instruments—360e 
Reproduction machines—297 
Tracing cloth—106, 336, 355 


DRIVES 
Electrical—229, 348 


Mechanical—304, 337c 
Variable speed—99, 217 


INSTRUMENTS AND 
TEST EQUIPMENT 


Amplifiers—246e, 252e, 294 
Calculators—260 

Environmental chambers—354e 
Generators, electronic—242e, 347e, 358¢e 


Meters—240e, 248e, 25le, 344e, 347e, 350e, 
352e, 356e, 358e, 360c, 362e, 363, 363e 


Oscilloscopes—342e, 348e, 350e 


Power supplies—185, 192e, 250e, 296c, 320e, 
352e, 363e 


Recorders—13, 189, 342e, 362e 


Special test equipment—182e, 220, 25le, 
312e, 341, 342e, 344e, 348e, 352e, 354e, 
363e, 366 
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MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductive materials—167e 
Contact materials—94, 107, 167e, 337 
Garnets—312e 


Insulation and dielectrics 

Casting resins—89, 104, 237, 301, 313 

Ceramics and glass—55, 234, 238e, 315, 
332e, 334e 

Fabrics—97, 201, 242e, 250e, 346 

Laminates—203, 238e, 242, 268e, 304, 
344, 346 

Mica—250e, 253 

Molding compounds—66, 81, 91, 180c, 
238, 245e, 25le, 265, 325 

Paper—2, 49, 241 

Tape—59, 87, 183e, 219, 242e, 331, 350 

Tubing—206, 242e, 250e, 300, 326 


Magnetic materials 
Electrical steel—51, 57, 308 
Magnetic alloys—119e 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants, solvents, waxes 
—334e, 337e, 357 


Metals 
Alloys, general—57, 167e, 195, 214, 252e 
Aluminum—263, 307, 319 
Copper, brass, bronze—63, 246, 250e, 328 
Steel—35, 57, 78, 361 


Metal forms 
Thermostatic bimetal—220 
Tubing—58, 92, 252e 


Non metallic materials 
Ceramics—55 
Elastomers—103, 296, 321, 357 
Lubricants—257e 


Protective coatings 
Chemical—50, 298 
Electrodeposited—221 


MOTORS AND GENERATORS 

Fractional-hp motors—27, 37, 65, 191, 232, 
310, 339, 349 

Gearmotors—300e 


Integral-hp motors—Inside back cover, 37, 
45, 61, 65, 70, 93, 270e, 310, 339, 349 


Special—27, 86, 225, 228, 258, 282, 283, 
292e, 325, 336, 368 


PRODUCTION EQUIPMENT, 
TOOLS 


Lacing tope—266e, 302 

Layout fluid—357 

Pliers—242e, 268 

Processing equipment—252e, 266, 306 


Soldering tools, equipment—238e, 248e, 260e, 
266, 282e 


Wire strippers—242e 
Wiring machines—208, 226, 365 


SERVICES 


Metal fabrication—23, 41, 67, 288, 352 
Other fabrication—14, 208, 213, 314, 332e, 
345 


Plastics fabrication—193, 325 


OCTOBER 1459 


Avotier lime ond Labor Guer 


for finishing wire leads 
with ARTOS AUTOMATIC CS-6 


A new collecting device 
is now available for use on 
the popular Artos CS-6 
wire-measuring, Cutting 
and stripping machine. 


Illustration shows the 
Single Conductor Stranded Wire 


AS A 
Single Conductor Solid Wire 


—[—SSaeees 
2-Conductor Parallel 
Stranded Wire 


new collecting trough 
(AE-478). Upper trough 


collects wire leads up to 


60 inches long, then empties 


300 Ohm Television Wire 
a 
SJ Cord after wire has been cut, 


ee ee ae 
Heater Cord 


a 
Shielded Wire with Rubber Jacket 


into the lower trough 


thus saving operator time. 


Production speeds of 3000 finished wire leads per hour up to 
15 inches long. Maximum cutting length is 194 inches .. . strip- 
ping up to 2 inches at one or both ends. Artos also makes ma- 
chines that measure, cut, strip and attach terminals automatically 
at one or both, ends. 


Operated by unskilled labor. Errors and work spoilage, due 
to human element, are eliminated. Machines are easily set up 
and adjusted for different lengths of wire and stripping. 


Proved performance. Time-consuming hand stripping jobs 
which once were a bottleneck in many plants are gone forever. 
As a result, Artos automatic wire strippers are paying their way 
in the mass production of television and radio sets, electrical 
appliances, motor controls and instruments of all kinds. 


If you need big capacity on wire lead finishing, WRITE for 
descriptive Artos Bulletin No. 36. Engineering consultation 
without obligation. 


AGENTS 


beng =e World Leaders in Automatic Machines 
for Finishing Wire Leads 


AR TOS rare 


2741 South 28th Street ° Milwaukee 46, Wisconsin 
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high-speed 
camera 


Extend the time scale on mech- 
anical motion by a factor of 1 to 
200. Project and study repeti- 
tively at leisure for analysis and 
design advancements in your 
product. Use the Magnifax, for- 
merly the Kodak High-Speed 
Camera. 


magnificent 
picture 
quality 


Proved in years of use through- 
out industry, the Magnifax has 
a new name and one or two 
design improvements, but still 
provides the best picture quality 
in the field. Portable and con- 
venient, it features simplicity 
and versatility in use. 


If you aren't already familiar 
with the instrument, send for 
details. Or, can one of our field 
engineers call and show you 
sample films? 


Beckman ¢ Whitley we. 


SAN CARLOS 11, CALIFORNIA 
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AMP Incorporated 226, 


A’G’A Div., Elastic Stop Nut Corp. of 
America 


Adams & Westlake 

Akron Porcelain Co. 

Allegheny Ludlum Steel Corp. 
Allen-Bradley Co. Tihs 


Alliance Manufacturing Co., The (Div of 
Consolidated Electronics Industries 
Corp.) 


Allied Radio 

Allied Research Products, Inc. 

Allis Co., The Louis 

Aluminum Co. of America 

American Brass Co., The 

American Machine & Foundry 
Leland Electric Co. Div. 

American Cyanamid Co. 

Saint-American Gobain Corp. 

American Steel & Wire Div. of United 
States Steel ne, 

Amphenol-Borg Electronics Corp., Con- 
nector Div. 

Anaconda Aluminum Co. 

Anaconda Wire & Cable Co. 278, 

Appleton Electric Co. 

Armco Steel Corp. 

Arnold Engineering Co., The 

Arrow-Hart & MHegeman Electric Co., 


The 250, 2 


Artos Engineering Co. 

Associated Research, Inc. 

Audio Devices, Inc., Rectifier Div. 

Auto-Lite General Products Group, Wire 
& Cable Div. 

Automatic Electric, Sub. of General Tele- 
phone & Electronics 

Automatic Switch Co. 


Babcock & Wilcox Co., The, Tubular 
Products Div. 

Baker Platinum Div., Engelhard Indus- 
tries, Inc. 220, 

Baldor Electric Co. 

Barber-Colman Co. 282, 

Beaver Gear Works Inc 

Beckman & Whitley Inc. 

Belden Manufacturing Co. 

Bendix Aviation Corp. 

Bentley, Harris Manufacturing Co. 

Bodine Electric Co. 

Bourns Inc. 

Bradley Semiconductor Corp. 

Brainin Co., C. S. 

Bridgeport Brass Co. 328, 

Brush Instruments Div. of Clevite Corp 

Buchanan Electrical Products Corp. 


Bulova, Industrial & Defense Sales 212, 


Bunting Brass and Bronze Co., The 


Bussmann Mfg. Div., McGraw-Edison Co. 2 


Carlyle Johnson Machine Co., The 

Carpenter Steel Co., The 56, 

Carr Fastener Co., Div. of United-Carr 
Fastener Corp. 

Centralab, A Div. of Globe-Union Inc. 

Century Electric Co. 60, 

Chassis-Trak Inc. 

Chemical Corp., The 


Chemical Div., Engelhard Industries, 
nc. 220, 


Chicago Molded Products Corp. 
Circle F Mfg. Co. 

Clare & Co., C. P. 

Clark Controller Co., The 
Cleveland Container Co., The 
Cleveland Tool & Die Co. 


Columbia-Geneva Steel Div. of United 
States Steel aa 


Columbus Electronics Corp. 
Comar Electric Co. 


Continental-Diamond Fibre, A Sub. of 
The Budd Co. 


Continental Screw Co. 
Control, A Div. of Magnetics, Inc 


Cords Limited Div., Essex Wire Corp. 
Corning Glass Works 

Cosmo Plastics Co. 

Coto-Coil Co., Inc. 

Crouse-Hinds 

Curtiss-Wright Corp., Electronics Div. 
Cutler-Hammer Inc. 32, 33, 209. 322, 


Dano Electric Co., The 

Deluxe Coils, Inc. 

Dennison Manufacturing Co. 

Detroit Stamping Co. 

Devine Mfg. Co., J. P. 

Dieh! Manufacturing Co., A Sub. of the 
Singer Manufacturing Co. 

Driver Co., Wilbur B. 


du Pont de Nemours & Co. (Inc.), E. I. 
Fabrics Div. 


Durakool, Inc. 302, 


Durez Plastics Div., Hooker Chemical 
Corp. 


Dykem Co., The 


Dynacor, Inc., A Sub. of Sprague Elec- 
tric Co. 


Eaton Manufacturing Co., Dynamatic 
Div. 

Elastic Stop Nut Corp. of America 

Elgin Metalformers Corp. 

Emerson Electric Mfg. Co., The 

Engelhard Industries, Inc., Baker Plati- 
num Div., Chemical Div, Wilson Div., 
H. A. 220, 

Enjay Co., Inc. 

Erie Electro-Mechanical Div., Erie Re- 
sistor Corp. 


Essex Wire Corp. , 
Cords Limited Div., R-B-M Controls 


Div., Wire and Cable Div. 256, 2 


Magnet Wire Div. 


Fawick Airflex Div., Fawick Corp 
Fenwal Inc. 

Friden Inc. 

Furane Plastics Inc. 

Furnas Electric Co. 


G-L Electronics 

General Cable Corp. 

General Electric Co. 
Apparatus Sales Div. 


Miniature Lamp Dept. 
Semiconductor Products Dept. 
Silicone Products Dept. 
Wire and Cable Dept. 
General Hermetic Sealing Corp 
General Industries Co., The 
Gibson Electric Co. 
Globe Industries, Inc. 
Goshen Rubber Co., Inc. 
Gries Reproducer Corp. 
Guardian Electric Manufacturing Co. 


Gulton Industries, Inc., Alkaline Battery 
Div. 


Hagan Manufacturing Co., A_ Div. 
The Gamewell Co. 

Handy & Harman 

Hansen Manufacturing Co., Inc. 

Haydon Co., The A. W 

Haydon Div. of General Time Corp. 

Heinemann Electric Co. 


Hetherington Inc., A Controls Co. 
America Sub. 


Hevi-Duty Electric Co. 
Hewlett-Packard Co. 
Heyman Manufacturing Co. 


276 


46 
318 
295 
363 
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Hoffman Engineering Corp. 
Holub Industries, Inc. 
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Marbon Chemical Div. of Borg-Warner 
Mechanical Industries Production Co. 
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Instruments Incorporated 
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waver Molding and Manufacturing 
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Milford Rivet & Machine Co., The 
Miller Co., The, Rolling Mill Div. 
Minneapolis-Honeywell 


Molex Products Co. 


National Acme Co., The 
National Band & Tag Co. 
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National Carbon Co., Div. of Union 
Carbide Corp. 


Nene Lock Co., Industrial Hardware 
Div. 


National Vulcanized Fibre Co. 346, 347 
Natvar Corp. 206 


Naugatuck Chemical Div. of United 
States Rubber Co. 


New Departure Div., General Motors 
Corp. 


New Hampshire Ball Bearings, Inc. 
New Jersey Wood Finishing Co. 
Nothelfer Winding Laboratories Inc. 


Ohio Rubber Co., The, A Div. of The 
Eagle Picher Co. 103 


Ohmite Manufacturing Co. é. 5 


Ozalid Div. of General Aniline & Film 
Corp. 


Palnut Co., The 292 


Parker-Kalon Div., General American 
Transportation Corp. 102 


Phalo Plastics Corp. 210 


Phelps Dodge Copper Products Corp., 
28, 


Inca Manufacturing Div. 29 


Phillips Control Corp., A sub. of Allied 
Paper Corp. 

Photocircuits Corp. 

Porter Co., Inc., H. K. 
Riverside-Alloy Metal Div. 
Thermoid Div. 


Potter & Brumfield, Inc., Div. of Ameri- 
can Machine & Foundry Co. 


Precision Apparatus Co., Inc. 


R-B-M Controls Div., Essex Wire Corp. 
256, 2 


Radio Cores, Inc. 


Radio Corporation of America, Semi- 
conductor and Materials Div. 235 


Rajah Co,. The 357 
Raytheon, Semiconductor Div. 15 
Reichhold Chemicals, Inc. 313 


Reliance Electric and anapanenee Co. 


Inside Back Cover 
Republic Steel Corp. 51 
Reuland Electric Co. 349 
Revcor Inc. 360 
Richardson Co., The 304 


Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc. 63 


Robbins & Myers, Inc. 26, 27, 241 
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Roebling’s Sons Corp., John A., Electri- 
cal Wire Div., Sub. of The Colorado 
Fuel and Iron Corp. 105 


Rogan Brothers 357 
Rostone Corp. 325 
Rotron Mfg. Co., Inc. 293 
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Safety Electrical Equipment Corp. 225 
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Servospeed Div. of Electro Devices, Inc. 348 
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Div. 89 


Simmons Fastener Corp. 249 
Skinner Electric Valve Div., The 25 
Smith Corp., A. O. 310, 311 
Sprague Electric Co. 16, 197, 344 
Square D Co. 74, 75 


NOW avvancen 


DESIGN ‘'B” LINE 
60 AND 400 CPS 


HIGH POWER 
TRANSISTOR — 
MAGNETIC 
SERVO 
AMPLIFIER 


For AC servo motor control — 
50 watts to 3000 watts 


FEATURING 
* Extreme reliability 
* Wider ambient 
temperature range 
° Faster response \ 
* Smafler size at higher | 
power ratings ! 
* Higher gains 
* Improved core design 
* Silicon rectifiers used 
exclusively 
* Greater flexibility 
* Ideally suited for operating 
with Diehl Servo Motors 


Signal Input AC or DC 
Military Specitications 
Provisions for System 
Feedback * Completely 
Static * Output 115V AC 
Phase Reversible 
For complete 60 cps and 


400 cps specs request Bul- 
letin $-961. 


MAGNETIC 
AMPLIFIERS, INC. 


632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 


West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. * OREGON 8-2665 


Circle 372 on page 17 367 





ANOTHER FIRST. . . ADVERTISERS 


Stackpole Carbon Co. 90, 204, 337 


Stalwart Rubber Co. 296 

THE é Stanley Works, The 315 
Standard Pressed Steel Co., Industrial 

Fastener Div. 80 

Star Porcelain Co., The 345 

— Stearns Electric Corp. 284 

ONLY Stevens Manufacturing Co., Inc. Back Cover 

Still-Man Manufacturing Corp. 351 
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Stromberg-Carison, 
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Superior Electric Co., The 223, 22 
Tube Co. 9 
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Tung-Sol Electric Inc. Inside Front Cover 


Thinner... 


Quieter eee Ultronix 356 
° Unimax Switch Div., The W. L. Maxson 
More Reliable... Corp. en 200 


Union Carbide Corp., National Carbon 
C 


4 a. 
More Versatile United States Graphite Co., The, Div. of 
The Wickes Corp. 84, 
United States Rubber Co., Naugatuck 
Chemical Div. 1 
United States Steel, American Steel & Wire 
i > 


FINGER-THIN eee SPECIFICATIONS l aia States Steel Export Co. 2 5 


Only 9/16 Inches Short . . . Only 1% Seenderd Volnage Ratings: 
Inches in Diameter . . . very compact Frequency:’ > oe ae Varflex Corp. 


. reduces the size of your equipment. 60 CPS Standard Veeder-Root Inc. 
y “? — ee Vickers Inc., Div. of Sperry Rand Corp., 
Slaxteuun (60 CPS) ‘lectric Products Div. 


WHISPER-QUIET... BASIC MOTOR 


Z . ° Weight: 4 ounces Wagner Electric Corp. 
Strictly an electrical motor . . . practi- Speed: 300 RPM miles Midas Bor. 


cally noiseless .. . no rattling of gears cone: ofat tat Walker Co., George 


or ratchets. Ward Leonard Electric Co. 
WITH INTEGRAL GEAR TRAIN Warner Electric Brake & Clutch Co. 
Ceara eens 1/6 RPH Watlow Electric Mfg. Co. 
seen s = 0 Westinghouse Electric Corp. 
TORQUE... Torque: 30 oz-in. @1RPM = Taguscrial Motor Dept. 338, 
1 . 2 ‘ _— Semiconductor Dept. 
Y4 oz. inch at the rotor with instanta- Weston Instruments, A Daystrom Unt 
neous start and stop . . . requires only West Virginia Pulp and Paper Co., 


Board Products Sales 
1 ‘ » 
2¥2 watts ...can replace larger anotors Williams-Bowman Rubber Co., The 


in recorders, controls and telemetering oti Sic. WH, A. Bites lade 
equipment. Pr tries, Inc. 220, 
= Wire and Cable Div., Essex Wire Corp. 

Wisconsin Porcelain Co. 


6 


HIGHEST RELIABILITY... 


Longer life . . . no one-way gears or 
ratchets to fail . . . provides millions of 
operations without any trouble. WITH INTEGRAL GEAR TRAIN 


Zenith Electric Co. 


Other CONOVER-MAST Publications 


Boating Industry 


Send For Special Illustrated 
Bulletin AWH MO-806 


“A.W<HAYDON Company 


er ans NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Custom Design & Manufacture Of Electronic And Electro-Mechanical Timing Devices 


Business/Commercial Aviation 
Construction Equipment 

Mill G Factory 

Purchasing 

Space/Aeronautics 


Volume Feeding Management 


Conover-Mast Purchasing Directory 


BY PERIODICAL PRESS CORP., PHILA. 40, Pa. 


Circle 373 on page 17 ELECTRICAL MANUFACTURING 





DUTY MA 


a brand new a-c. motor 


Product of Reliance Electric and Engineering Company and its Master Electric Division, 
Duty Master’s new design gives users better protection from the inside out, simplified lubri- 
cation, better response and improved all around performance.,The Duty Master line, from 
protected open, to totally enclosed, explosion-proof, 1 to 250 hp., is ready for delivery NOW. 


Duty Master’s insulation, by means of a series of multiple dips and bakes in thermosetting 
varnish plus final protection in finishing enamel, makes it resistant to water, acid, dirt and 
other contaminating elements . . . adds years to motor life. 


‘‘Metermatic” lubrication regulates flow of grease to the bearing provides automatic grease 
relief. No danger of over-or under-lubrication . . . no maintenance headaches. 


Duty Master’s low inertia rotor has faster response in starting, stopping and reversing. This, 
plus better ventilation and increased accelerating torques, permits frequent starts and stops 
without over-heating. 


Duty Master’s new design proves conclusively that all a-c. motors are not alike . . . that this 
new motor gives users the best value in industry today. 


Call your Reliance Sales Engineer or distributor—listed in the Yellow Pages—for the com- 
plete story, or write for Bulletin No. B-2106, Reliance Electric and Engineering Company, 
24701 Euclid Avenue, Cleveland 17, Ohio. B- 1636 
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FOR AUTOMATIC COFFEE MAKERS 
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Type B top; Type A center; Type S bottom. Other designs available. 


iT’S STEMCO THERMOSTATS 





No wonder leading manufacturers of automatic coffee 
makers specify Stemco thermostats. For Stemco ther- 
mostats give long-life reliability that eliminates service 
headaches . . . are quickly, easily installed . . . are com- 
petitively priced. Our application engineering service is 
eager to help you solve your thermostatic control problem, 
whether it involves design, production or cost. Try us now. 


AA-9437 


erates ee manufacturing company, inc. 


P. O. Box 1007, Mansfield, Ohio | 


Other appliances, too, such as skillets, saucepans, grid- 
dies, inhalers, air heaters, fans, steam and flat irons, 
roasters, fry kettles, refrigerators, butter warmers, T H E R M oO Ss T A T S 
waffle irons, electronic and avionic applications. Circle 103 on page 17 





